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ABSTRACT
Lineations within the Tri-State mining district are classified as
megalineaments, lineaments and linears, based on length.

One megalinea

ment, 120 lineaments and 205 linears are identified on the LANDSAT
imagery.

In order of importance a dominant northeast set, northwest

set, north-south set and east-west set are recognized.

These range

from 0.8 miles (1.3 km) to 68 miles (109.4 km) in length.
Major lineation trends spatially relate with trends of mined areas
In the Picher field both northeast and northwest lineations generally
parallel mined areas.

In the Galena field ore and lineations trend

northeast while in the Joplin and Duenweg-Webb City-Oronogo field the
lineations and ore trends are northwest.

The Seneca graben and Pine-

ville fault relate to well expressed lineaments.

Field checks indicate

joint sets have similar trends to mapped lineaments.
Lineaments are most numerous in massive, more competent rock units
such as the Boone Formation.

This is also the most productive strati

graphic formation for ore deposits.

Lineations may have acted as

passageways for mineralizing solutions.
The lineation pattern of the district is similar to the regmatic
shear pattern of the earth.

External (tidal) and internal (tectonic)

forces may develop the lineations.
local internal stresses.

Pattern variations may result from

Some northeasterly and northwesterly linea

tions are due to a compressive stress, while the Seneca, Miami and
some normal faults, all of northeast trend, relate to tensional stresses
of opposite direction
Areas of southwestern Missouri underlain by competent units and
with expressed lineaments,and extension of mined zones with lineament
expression are possible favorable areas for mineral exploration.
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I.

A.

INTRODUCTION

LOCATION AND SIZE OF TRI-STATE DISTRICT AND STUDY AREA
The Tri-State mining district lies within parts of Missouri,

Kansas and Oklahoma.

It extends from east of Springfield, Missouri,

to a few miles (km) west of the Picher field of Kansas and Oklahoma
or about 100 miles (160 km) east-west.
approximates 30 miles (48 km).

The north-south dimension

The present study covers much of the

district, but does not include a portion a few miles (km) east of the
Lawrence County line in Missouri (Fig. 1).

The counties covered in

this study include: Jasper, Newton and McDonald in Missouri; Cherokee
in Kansas; and Ottawa and part of Delaware in Oklahoma (Plate 1).
The Tri-State mining district has been one of the most productive
zinc and lead mining districts in the world0

More than $2 billion of

recovered metal was produced in this district from 1850 to 1964.

A

large percentage of ore mined in the district came from the western
portion.

Some 61 percent of the total zinc-lead concentrates was from

the Picher field; Oronogo-Webb City-Duenweg produced 14 percent; Joplin
9<>5 percent; Granby and Galena 5 percent each; Waco-Lawton 2 percent;
Aurora 1.5 percent; Neck City 1 percent and less than 1 percent for
areas not mentioned (Brockie et al. 1968).
B.

There is no mining at present.

PHYSIOGRAPHY
The study area is located in two physiographic provinces (Fenneman,

1949).

The area includes portions of southwestern Missouri, southeastern

Kansas and northeastern Oklahoma.

The Missouri side and sections of

northeastern Oklahoma form part of the Springfield Plateau of the Ozark

2

Figure 1

Index map of the study area

3

Plateau Province.

The western section of the study area includes most

of southeastern Kansas and northeastern Oklahoma and forms part of the
Osage Plains of the Central Lowland Province (Fig. 2).
The Springfield Plateau is formed on resistant cherty limestone of
Mississippian age.
Czarks.

These have the hilly characteristic of the Missouri

The Osage Plains is relatively flat with relief less than 100

feet (31 m).

It is underlain by Pennsylvanian formations.

Principal drainage streams in the area are the southward flowing
Neosho and Spring Rivers, Elk River, and the tributaries of Spring
River, Center and Shoal Creeks (Fig, 2).

The streams are perennial

with high flow rates.
C.

CLIMATE, CULTURE AND VEGETATION
The study area is characterized by a moderate climate and precipi

tation.

The summer temperature averages about 80 °F (27 °C) and the

spring temperature varies from 50° to 60 °F (10° to 16 °C).
annual precipitation recorded for the area is

The average

26 inches (66 cm).

Most of the stream and river valleys in the area are cultivated for
the production of wheat and c o m .

The broad stream valleys are a quarter

mile (.4 km) to one mile (1.6 km) wide and are usually the most fertile.
The largest city in the area is Joplin, located in Jasper County,
Missouri.

The second largest city is Miami, located in Ottawa County,

Oklahoma.

Smaller cities include Baxter Springs and Galena in Kansas,

Commerce, Picher, and Quapaw in Oklahoma, and Carterville, Carthage,
Granby, Neosho, and Webb City in Missouri.
Early mining activity in Missouri was centered around Joplin,

4
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Granby, Webb City, Duenweg and Oronogo; mining on a smaller scale was
around Smithfield, Carl Junction, Waco, Spring City, Spurgeon, Neck City,
Alba, Carthage and Springfield#

In the Oklahoma and Kansas portion,

early mining activity was centered around Baxter Springs and Galena;
recent mining was centered around Cardin and Picher#
The area is highly accessible and has numerous highways which
include Interstate 44# U. S. Highways 60, 66, 69# 71, and 166; State
Highways 7, 10, 26, 37, 43, 57, 86, and 96#

The St. Louis— San Fransico

Kailroad is a major railroad in the area#
D#

PURPOSE OF INVESTIGATION
The Tri-State district is in a region that has been subjected to

faulting and folding as evident from exposed structures in the area#
There is a close association of some mineralized areas to the Miami
trough in the Picher field, and other mineralized areas appear to relate
to shears and folds in the district#

Many authors have suggested that

major ore deposits of the district are structurally controlled (Fowler,
1939# 1942, 1960; Weidman, 1932; lyden, 1950; Desai, 1966; McKnight and
Fischer, 1970).
Detailed studies of the region and local areas has been done by
numerous geologists and geologic maps of the area published; Smith and
Siebenthal (1907)# Weidman (1932), Fowler (1932, 1960), Brockie et al.
(1968), McKnight and Fischer (1970).
As a result of the availability of LANDSAT imagery, Dr. Paul Dean
Proctor suggested that a study of linears and lineaments in the district
might reveal structural trends and features not discernable on present
geologic maps relating to regional ore controls.

This study was

6

therefore undertaken with the hope that it would contribute to a better
understanding of the regional geologic patterns and an improvement of
the structural interpretation of the district and the relationship to
mineralization®
Primary objectives of the lineament analysis were:
1.

Determination of the characteristics of the lineaments in the
Tri-State mining district.

2.

Determine possible correlation of trends and/or alignments of
formerly mined areas to the lineaments,

3®

Identify extensions of faults previously mapped in the district,
and, if possible, to identify new ones®

4®

Suggestion of the possible origin of the lineaments and the relation
ship to mineralized areas of the district.

5.

Predict, if possible, areas of favorable geologic setting similar
to known mineralized areas.

E®

METHOD OF INVESTIGATION
By definition, remote sensing involves the detection, identification,

and analysis of objects or features through the use of imaging devices
located at positions remote from the subject of investigation (Avery,
1977)*

Remote sensing is most useful in geologic mapping at the

reconnaissance level, since it allows regional trends to be easily
recognized®
This study concerns the use of remote sensing in lineament analysis
and identification and it also entails correlation of information
obtained from the study with geologic data compiled on the district®
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The images analyzed for this study were taken by LANDSAT-2„
IANDSAT is an acronym for Land Satellite,,

The first of these (formerly)

ERTS-1) was launched by the National Aeronautics and Space Administra
tion and was called Earth Resources Technology Satellite (ERTS).
name was later changed to IANDSAT.

This

IANDSAT-2 was launched in the same

orbit as LANDSAT-1 in January, 1975«

LANDSAT-C, the latest of these

satellites was launched on March 5, 1978.
LANDSAT images are acquired in swaths 185 km wide over most of the
earth at the same local time, roughly
each pass.

9:30 a. m. at the Equator, on

They are imaged by the satellite in a near-polar orbit at

an altitude of approximately 920 km above sea level.
circles the earth about fourteen times a day.

This satellite

After eighteen days the

satellite returns to its same beginning position.
The imaging system of the satellite is a multispectral scanner
(MSS).

This measures solar energy reflected from the earth's surface

in four spectral bands.

These bands are:

MSS 4> green, 0.5 to 0.6

micrometers; MSS 5, red, 0,6 to 0.7 micrometers; MSS 6, near-infrared,
0.7 to 0.8 micrometers; and MSS 7, near-infrared, 0.8 to 1.1 micro
meters;

The spatial resolution (pixel element) is about 79 meters

which is equivalent to approximately 200 meter photographic ground
resolution (Doyle, F. J., 1978).

The spatial resolution is defined

as the number of line-widths that could occupy the distance of one
millimeter when individual lines are just barely distinguishable.

It

represents the size object or distance on the ground that can be iden
tified.

The detector signals, along with internal calibration measure

ments, are telemetered to earth on call and stored on tapes suitable
for computer processing at reception stations when the satellite is
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within range.
Four different print bands of LANDSAT images and a color trans
parency were used for this study.

Three of the prints were black and

white and consisted of bands A> 5> and 7«
bands 4, 5, and 7 was the fourth print.
1:250,000.

A false color composite of
These prints had a scale of

The color transparency had a scale cf 1:1,000,000.

Each cf the images was carefully examined by photogeologic methods.
Equipment utilized for viewing and interpretation included light tables
and magnifying glasses.

Individual images were observed from different

angles and positions so that details not noticeable in one direction
might be recognized in another.
were not visible on others.

Lineaments recognized on some images

This confirmed the advantage of analyzing

more than one band of the same area so that detailed and enhanced
evaluations were possible.
Lineaments identified, and plotted on transparent overlays for the
region, were compared with structural and geologic maps.

This permitted

a critical review of formerly interpreted and mapped structures.

The

geologic literature was searched for description of geologic features
due to tectonic deformation and these structures compared to the
IANDSAT interpretations.
F.
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II.

A.

REVIEW OF PREVIOUS LITERATURE

STRUCTURE OF THE TRI-STATE DISTRICT
One of the earliest papers on the structure of the Tri-State

district was by Winslow and Robertson (1894).

They describe the

fractures and brecciated features in the mine workings of the Joplin
district.
Smith and Siebenthal (1907) present a thorough description of
the Joplin district in the Joplin Folio published by the U.S.G.S.
They observe that regional uplift, orogenic deformation, underground
solution with brecciation and minor faulting were the geologic processes
operative in the district.

They present a structure contour map based

on the Short Creek Oolite and Grand Falls Chert.

The Joplin anticline

and Cow Creek anticline are shown on the structlire contour maps.

They

also mapped the Duenweg fault, Portland fault and other minor faults.
Siebenthal's (1915) article on the zinc lead deposits of the
Tri-State district describes the Ozark Uplift as a broad geanticline
upon which are superimposed structural features such as faults, folds
and domes.
Fowler and Iyden (1932) conducted a detailed study of the structure
in the mines of the district, particularly those in Picher field area.
They conclude that the ore deposits are structurally controlled.

Their

structure contour maps on the bottom of the M bed in Blue Goose mine
show that mineralized areas are closely associated with folds, faults
and shear zones.

The Miami trough is first described in this paper.
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Weidman (1932) describes the structures of the Miami-Picher field.
He considered the Miami trough as a structural syncline along which
faulting had occurred.

He also suggested that the Seneca fault zone is

a syncline instead of a double fault as had been reported by Siebenthal
(190S).

Weidman also mapped fracture zones in the Crawfish mine which

comprised a series of major parallel northeast trending fractures.

He

concluded that these indicated a close relationship between fracturing
and ore occurrence.

Minor sets of fractures in the area trend north

west.
Fowler (1938) studied the subsurface structure of the district.

He

prepared a structure contour map on the M bed which showed local struc
ture in the Woodchuck mine.

The structure contour map showed that ore-

bodies trend with the strike of the structure contour's.

Shearing was

also observed by Fowler, and he concluded that deformation was very
important in localization of ore since there was a relationship of
structure to mined areas.
Iyden (1950) reports on the aspects of structure and mineralization
in the Picher field and emphasizes that faulting, folding and shearing
are significant factors in the localization of ore.

He observes that

anticlinal structures are more important in locating ore bodies than
synclinal structures.

He states that ore bodies occur along zones of

intense shearing in anticlinal, monoclinal and synclinal structures.
Pipe-slumps were also identified on structure contour maps prepared on
the "N" bed in the Weber mine.

I^yden notes that these are important

ore-bearing structures in the district.
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Fowler (1960) constructed a tectonic map of the Picher field bypreparing structural contours on the bottom of the "M" bed.

His map

distinctly outlines the Miami trough of northeasterly trend and the
Bendelari trough of northwesterly trend,,
illustrated on the map.

Other local features are

He also observes the close relationship

between structural deformation and mineralized areas.
In an unpublished master's thesis, Desai (1966), locates 80 folds
in the Tri-State district and notes a preference for syncline over
anticline for mineralization in contrast to Iyden's findings.

He

determined the thickness of the M bed to be between 8 to 110 feet
(3 to

34 m).

Brockie et al. (1968) discuss the geology and ore deposits of
the Tri-State district.
Picher anticline.

These authors are first to describe the

Major structural features in the district are out

lined on a map with reference to mined areas.

They emphasize that

folding and faulting are the principal factors contributing to the
irregularities in the regional dip.

They describe the structures in

the district and suggest the importance of structure in the localiza
tion of the ore.

They observe the linear alignment of minedout

areas

in the northeastern and western edge of the Picher field.
McKnight and Fischer (1970) describe the major and minor struc
tural features of the Picher field.

Major structural features include

the Horse Creek anticline, Seneca graben, Miami trough and Bendelari
monocline.

They prepared a detailed structure contour map on top of

the Grand Falls Chert which shows a network of shallow basins,
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anticlinal ridges and a dome of random orientation,.

They attribute the

linear features to tectonic origin, or localization on tectonic breaks,,
They acknowledge that the Miami trough and the Seneca graben could have
been modified by intense solution of carbonate rock at depth and believe
this could have resulted in subsidence along these features*
McCracken (1971) catalogs and describes structures of the Missouri
portion of the district*

Structures described include the Joplin anti

cline, Seneca graben, Ritchey fault, Granby fault, Cow Creek anticline,
Horse Creek anticline and Portland fault*

The Pineville fault, which

occurs south of the district, is also described as well as some other
faults and folds*
Hagni (1976) also emphasizes the significance of structure in the
district.

He suggests that the major structures in the district probably

reflect basement faulting.

He also notes that Precambrian faults in the

basement were rejuvenated in Paleozoic time.

He further notes that the

faults may have played a significant role in determining the location
and extent of many of the ore bodies.

He also observes along with others

that the region is characterized by intersecting structural elements, and
gives the Picher field as an example, where the Miami trough and the
Bendelari monocline intersect.
B.

LINEAMENT AMAUSIS
Hobbs (1904) defines a lineament as any reasonably straight align

ment of topographic features.

He is credited with coining and first

using the term "lineaments".

He describes them as "significant lines

in the earth’s crust"

U

Billings (1954) states that a lineament "is any topographically
controlled line on an aerial photograph".

He notes that "lineaments

may be produced by faults, joints, bedding, foliation, or even lineation".
Moody and Hill (1956) state that the shear patterns associated with
faults and/or lineaments are due to stress fields that act in eight
directions.
Sonder.

These shear patterns form the regmatic shear pattern of

They suggest that the faults which produced these shear

patterns are wrench faults.
El-Etr (1967) reviews the literature pertaining to lineament and
linear analysis and proposes a nomenclature for terms used in lineament
analysis.

He also studied the lineament patterns of southeast Missouri

expressed on aerial photographs and developed techniques helpful in
linear and lineament analysis.

He also discusses lineation definition

in a later paper (1974)<>
The use of LANDSAT imagery in lineament analysis can be considered
as an extension of photogeologic analysis of lineaments.
One of the earlier papers dealing with identification of linear
features using LANDSAT imagery is that by Fischer and Lathram (1973)«
In their study of Alaska, they observed concealed structures not re
cognized on aerial photographs.

Lineations in the Arctic coastal

plain of Alaska were also identified.
were used in this study.
than the other bands.

The four bands, 4> 5* 6, and 7

Band 7 portrayed the lineaments much clearer

They noted that the lineations observed on the

imagery were due to the large area viewed, and that the features were
too regional in dimension as to be recognized on detailed field maps
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or

aerial photographs.

Comparison of their findings with geological

and geophysical data indicated that the lineations were surface ex
pressions of underlying structure,
Peterson (1976), in an abstract, reports on a study of lineaments
and curvilinears in the Tri-State district.

He refers to a composite

of fracturing and shearing which indicate wrench faulting.

He notes

that the complex patterns resolve into superposed sets of transcurrent
shears and faults with associated arcuate P-shears and faults.

He

states that the district is situated at the intersection of five
structural trends,
Kisvarsanyi and Kisvarsanyi (1976) in a study of structural
lineaments and mineralization in Southeast Missouri, note that a
definite pattern is closely associated with the mineralized part of
the Tri-State district.

They observe that mineralized areas in the

district are found along lineaments or near their intersection,
Kisvarsanyi and Martin (1977), in a study entitled "Structural
Lineaments and Pattern Analysis of Missouri, using LANDSAT Imagery",
observe that the Missouri portion of the Tri-State district is bonded
by lineaments.

They describe the Seneca Lineament (graben) as a

northeast trending lineament with a strike of N46°E,

They note that

some of the ore deposits in the southern Joplin district lie along
this lineament
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III.
A.

GENERAL GEOLOGY OF THE- DISTRICT

STRATIGRAPHY
1.

General Statement: The rocks exposed in the Tri-State mining

district are predominantly limestone and chert, with some dolomite,
shale and sandstone ranging in age from Ordovician through Kississippian.

These lie beneath a capping cf Pennsylvanian shale.

Some Pre-

cambrian granite crops out at Spavinaw, Oklahoma, about 40 miles
south of the district (Hagni, 1962)®

(64 km)

Eleven drill holes in and adjacent

to the mining field penetrate granitic basement rocks of Precambrian
age (McKnight and Fischer, 1970).
A stratigrap'nic column of the units in the area is given in Fig. 3.
The relative abundance of lineation in some of the units are given as
well as the base metal occurrence,.
2»

Paleozoic Era:

Exposed consolidated stratigraphic units range

in age from Ordovician through the Pennsylvanian System.
part of the Paleozoic rocks is dolomitic.

The dominant

Sporadic shale separates

these rocks from a mainly limestone section which is in turn overlain
by shale (Fig. 3).
a.

Ordovician System:

The Ordovician System consists of the

Canadian (Beekmantcwn) Series.

Desai (1966) suggests the thickness

ranges from 700 to 1000 feet (213 to 305 m).

Formations present are

the Gasconade Dolomite and the Gunter Member, Roubidoux, Jefferson
City Dolomite and the Cotter Dolomite.

The Cotter Dolomite is the

only Ordovician formation exposed in the district.

It crops out in

the southern part of the study area and is shown on the geologic map
of the district (Plate 1).

The Cotter Dolomite is a medium-to-fine-

1/

Figure 3*

Stratigraphic column of the Tri-State district and
surrounding areas f with relative abundance of lineaments and
base metal occurrences (modified from Proctor et al., 1973)*
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grained dolomite.

It contains some sand and a little shale.

are between 1 to 2 feet (.3 to .6 m) thick.

The beds

This unit is competent

and will break or fracture when deformation occurs.
b,

Devonian-Mis sissippian System:

The Chattanooga Shale uncon-

formably overlies the Cotter Dolomite.
to dark-brown fissile shale.

The unit consists of a black

This unit has a tendency to squeeze or

fold when subject to deformation stress.

Moore et al. (1939) report

that the formation borders the district on the west, south and south
east.

On the map attached it occurs in the southern part of the study

area (Plate 1).
c.

Mississippian System: The Mississippian system consists of

the Kinderhookian, Osagean, Meramecian and Chesterian Series.

The

Meramecian and Osagean Series are represented by the Boone Formation
(McKnight and Fischer, 1970).
i.

Kinderhookian Series: The Chattanooga Shale is overlain

disconformably by the Compton Formation of Kinderhookian age (p. 19>
McKnight and Fischer, 1970).
limestone and shale partings.

The Compton consists predominantly of
Brockie et al. (1968) suggest the

thickness ranges from 5 to 20 feet (1.5 to 6 m).
Overlying the Compton is the Northview Formation.
silty to partly calcareous shale.

This is a dark

It also consists of 3 to 5 feet

(.9 to 1.5 m) of fine-grained sandstone which may be limy and shaly
(p. 21, McKnight and Fischer, 1970).

This unit is incompetent and

bends or folds in response to stress.

According to Brockie et al.

(1968), this unit is thin to absent in the district.
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ii.

Osagean Series:

The Osagean Series consists of the Fern Glen,

Reeds Spring, Grand Falls and Keokuk Formations.
The Fern Glen disconformably overlies the Northview Formation
(Moore et al., 1939).

The St. Joe Limestone corresponds to the lower

portion of the Fern Glen.

Moore et al. (1939) identified a cherty

fossilerous limestone near Joplin and suggested it was the St„ Joe
Limestone.

The Fern Glen consists of a bluish gray, fine-grained,

silty and shaley limestone.
The Reeds Spring Formation conformably overlies the Fern Glen.
The Reeds Spring corresponds to the R bed of the mining district.
McKnight and Fischer (p. 22, 1970) describe the Reeds Spring as "a
thin-bedded alternation of dark chert and fine grained dark limestone".
The thickness ranees from 50 to 100 feet (15.2 to 30.5 m).
Conformably above the Reeds Spring is the oldest of the Keokuk
beds.

This is designated as the Q bed.

The Keokuk Formation consists

of beds K (youngest) through Q (oldest) and is made up of limestone
which is gray, fine-grained, medium -to- coarse-crystalline (Brockie
et al., 1968).
The lower member of the Keokuk Formation is the Grand Falls Chert.
This unit consists of beds N, 0, P, Q.

The limestone in this member is

fine-grained, and in a few places is medium -to- coarse grained.

These

limestone occur in lenticular bed 3 to 18 inches (7.6 to 45.7 cm) thick.
The top of the unit is a translucent hard chert, the host rock for the
"Sheet ground" ore deposits in areas southwest of Baxter Springs, Kansas
and Cardin, Oklahoma (McKnight and Fischer, 1970).

This rock unit breaks
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under deformation stress because it is a competent unit.
Overlying the Grand Falls Chert are the upper Keokuk units M, L,
and K.

The K and M beds consist mostly of rounded and elongated chert

nodules.

The L bed also contains an abundance of dense chert in a

host limestone.

These beds are all competent, and will break during

deformation, except for the M bed.

The M bed behaves most plastically

and is structurally most incompetent unit in the formation.

It thickens

and thins in response to diastropic stresses (p. 32, McKnight and
Fischer, 1970).
The most productive ore bed in the district is the M bed.
separated from the overlying L bed by the Short Creek Oolite.

It is
This

oolite unit is used as a marker bed for surface and subsurface strati
graphic and structural studies in the district.

The M bed primarily

consists of gray chert nodules in medium-grained limestone.

Where it

is associated with ore bodies, it is very vuggy or replaced by dolomite,
jasperoid and sulfide minerals (Desai, 1966).
Table I lists some of the characteristics of the Boone Formation,
This includes the Osagean and Meramecian Series.
iii.

Meramecian Series:

Disconformably above the K bed of the

Keokuk is the lowest bed (J) of the Warsaw Formation.
the single formation of Meramecian age.
logic units by letter designations.
distinguished by their chert content.

The Warsaw is

It is subdivided into litho

The individual units are primarily
The youngest is the B bed and

the oldest is the J bed.
The Warsaw consists primarily of limestone, "cotton rock", and
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TABLE I
Stratigraphic Column of the Meramecian and Osagean Series (Boone Formation)
in the Tri-State District.

System

Series
Meramecian

c
(TJ

Formation
Warsaw

Bed
B

Thickness
in meters
0-6

C

0-10

D

5.5 - 7

E

1.5 - 2.5

F
G
H

3.5 - 4.5
9-12

J

0-12

K
L

0-12
0-11

M
N

0-21
6-9

0
P

2.5 - 3
0-3

Lithology
Limestone
Limestone and chert
nodules
"Cotton rock" and
chert
Limestone and chert
nodules
"Cotton rock" and
chert
Thin bedded lime
stone and chert
Glauconitic, shaly
limestone and chert

Importance as an
ore body
Unimportant
Unimportant
Unimportant
Minor importance
Unimportant
Important
Unimportant

--- discon formity --- ■

•H

a
(X

Osagean

CO

Keokuk

)
•0
H
i
f
i
(0
•H

X

—

Grand Falls

Q

0-3

Reeds Spring
Fern Glen

R

15 - 30
4.5 - 20

Crinoidal limestone
and chert nodules
Chert
Oolitic limestone
and chert nodules
Chert
Thin bedded chert
and limestone
Chert
Thin bedded chert
and limestone
Limestone and dark
chert nodules
Limestone and chert
nodules

--- unconformity - - -:
____________________ _______________________

(Modified after Desai, 1966; and Hagni, 1976)

Very important
Unimportant
Most important
Minor importance
Important
Minor importance
Minor importance
Important
Unimportant
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chert.

The general character cf these beds is listed in Table I.

The

J bed contains a highly glauconitic coarse-grained to shaly fine-grained
limestone, generally 1 to 5 feet (.3 to 1.5 m) thick, with small dark
brown phosphate pebbles at its base (McKnight and Fischer, 197C).
is a good marker bed throughout most of the Picher field.

It

The G-H bed

consists of thin bedded chert and limestone, in beds one to 8 inches
(2.5 to 20.3 cm) thick.
dense chert.
nodules.

The F bed consists primarily of cotton rock and

The E bed is a gray to brown limestone containing chert

Its thickness ranges from 5 to 8 feet (1.5 to 2.4 m).

bed consists primarily of cotton rock and dense chert.

The D

The C bed con

tains chert nodules and limestone and the 3 bed consists mostly of
limestone.

These beds taken collectively are very competent and will

break and fracture in response to stress.
iv.

Chesterian Series: The B bed of the Warsaw is unconformably

overlain by the Hindsville Limestone, the basal formation of the Ches
terian Series.

The Hindsville is a partly siliceous, oolitic and platy

limestone with small amounts of glauconite and sandstone (Brockie et al..
1968).

It grades into the middle unit, the Batesville Sandstones, which

is a marine sandstone with interbedded limestone and shale.
unit is the Fayetteville Shale.

The upper

This is of marine origin and consists

of shale and sandstone (McKnight and Fischer, 1970).

The basal unit is

competent while the overlyine units are incompetent.
d.

Pennsylvanian System;

The Pennsylvanian System consists of

the Morrowan, Besmoinesian, and Atokan Series.

The Desmoinesian crops

out in the northwestern part of the district (Plate 1).
crops out on the west side of the Lake O' the Cherokee as
crops within the Chesterian rocks (Fig. 4)»

The Morrowan
small out

These are discussed.
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i.

Morrowan Series:

The Hale Formation of the Morrowan Series

unconformably overlies the Fayetteville Shale,

It is preserved in and

adjacent to the Seneca synclinal graben (McKnight and Fischer, 1970),
See Figure 4°

They describe the Hale as consisting of interbedded

sandstone, shale, dark fossiliferous limestone, oolite, and a thin
bed of sand "iron ore". The overall unit is probably incompetent and
will bend and squeeze when stresses are applied,
ii,

Desmoinesian Series:

The Cherokee Shale unconformably over-

lies the Hale Formation in the western part cf the district.
sists of shales and sandstones.

It con

It is the surface rock in much of

the Oklahoma and Kansas portions of the district.

Part of the unit

crop out in the northwestern part of the Missouri portion of the
district (Plate 1).

Cherokee Formation is reported to be up to 300

feet (91.4 eO thick in parts of the district (Brockie et al,, 1968).
This unit is incompetent and bends and folds when deformation occurs.
B,

STRUCTURE
1,

Regional Structure:

The Tri-State district is on the north

western flank of the Ozark Uplift.

The latter is described as a broad

geanticline (Brockie et al., 1968), the axis of which is southeast of
the district.

The sedimentary rocks exposed within the district are

mainly flat-lying, but have a regional dip of 15 to 20 feet per mile
(3 to 4 meter per km) to the northwest.
the regional dip in local areas.

Some variations occur in

These are attributed to faulting

and folding which have affected the rocks of the area.

PROFESSIONAL PAPER 588
PLATE 2
E X P L A N A T IO N
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+

Figure 4o

Geologic Map of The Wyandotte Quadrangle, Oklahoma, Missouri,
and Kansas (From McKnight and Fischer, 1970)«
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2.

Major Local Structures:

Major local structures in the district

and surrounding areas are described in this section.,

Most of the

descriptions review work done by several geologists (Siebenthal, 1908;
Weidman, 1932; Fowler, 1960; Hagni, 1962; 3rockie et al*, 1968;
MeKnight and Fischer, 1970)*
The more significant structural features are shown on the struc
tural map of the area (Plate 2)0
in this discussion:

The following structures are included

Joplin anticline, Horse Creek anticline, Seneca

graben, Cow Creek anticline, Lawton trough, Miami trough, Bendelari
trough, Ritchey fault, Picher anticline, Pineville fault, Jasper
anticline, Rialto basin and some other smaller faults and slump
features*
The Joplin anticline was first described by Smith and Siebenthal
(1907)*

It is based on data obtained from a structure contour map

prepared on top of the Grand Falls Formation*

The anticline strikes

approximately N55°W and enters the Joplin sub-district from the south
east*

McCracken (1971) observes that the plunge averages about 25 feet

to the mile (5 meter per km) to the northwest and that the fold dies
out southwest of Carl Junction*

She further records that extensions

of the anticline may occur in Kansas*
limb than eastern limb.

The fold has a steeper western

The structure lacks topographic expression

because the rocks involved have about the same resistance to erosion
(McCracken, 1971)*
The Horse Creek anticline is described as an asymmetrical fold of
westerly trend, wdth gently dipping limbs (Siebenthal, 1908)*

He
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indicates that the northern limb dips two degrees while the southern
limb dips 5° to 18°.

The structure curves across the southern portion

of the study area (Plate 2).

This structure can be observed about

10 miles (16 km) east of Tiff City, Missouri,,

From here it trends due

west to the Missouri-Oklahoma line, thence west-southwest to the vicinity
of Big Cabin, Oklahoma (Hagni, 1962).
approximately

It covers a total distance of

30 miles (48 km)*

The Seneca graben is a prominent surface expressed linear and
continuous structural break that trends N40° to 50°E.

It is present

at Seneca, Missouri, and extends northeast from here to Tipton Ford,
and southwest to 3 miles (5 km) east of Pryor, Oklahoma over a total
distance of 70 miles (113 km).

Mcknight and Fischer (1970) indicate

the width of the graben varies from 100 feet
(792 m)*
sag.

(30 m) to 2,600 feet

This structure is a combination graben fault zone and synclinal

It was first described by Siebenthal (1908) as a double fault,,

Weidman (1932) suggested it was a syncline.
The Cow Creek anticline was described by Smith and Siebenthal
(1907) after they prepared a structure contour map based on the top
of the Grand Falls Chert»
the Joplin anticline.

This anticline is 4 miles (6,4 km) west of

It is a sharp fold in the Cherokee Formation*

It has a northwest trend.

The authors note that the eastern limb is

much steeper than the western limb.

It extends a little over two

miles (3*2 km)*
The Lawton trough was first outlined by Pierce (1935) after he
prepared a structure contour on the base of the Cherokee Shale.

The

structure is discontinuous and coincides with a northwest projection
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of the downwarped limb of the Joplin anticline in the Kansas portion
of the district.

A maximum difference of about 120 feet (37 m) on the

base of the Cherokee Shale is due to this structure (Hagni, 1962).
The Miami trough is a linear about 40 miles

(64 km) long resulting

from a syncline and a graben evident near the junction of Ottawa, Craig
and Delaware Counties, Oklahoma (Plate 2).

This structure extends N15°E

through the Picher field where it occurs as a graben, a hinged fault and

1968). The average N26°E trend from the

a syncline (Brockie et al„,

Picher field is recognized as far north as the Waco-Lawton mining field
about 20 miles (32 km) to the northeast.

The width of the structure

through the Picher mining district is 300 to 2,000 feet (91 to 610 m)
(McKnight and Fischer, 1970).
the fault in detail.

Fowler and Byden (1932) first described

They considered it to be a series of graben fault

blocks.
The Bendelari trough, also called the Bendelari monocline by
McKnight and Fischer (1970), crosses the Picher field in a northwesterly
direction.

It is well defined on the northwest side of the Miami trough

(Plate 2).

The structure was described by Fowler and Byden (1932), and

its extend was shown on structural maps prepared by Iyden (1950) and
Fowler (I960).

McKnight and Fischer (1970) note that the monocline is

conspicuous in the Boone and Chesterian strata, but is not expressed in
the Pennsylvanian shales.
of the Miami trough.

The monocline is not well defined southeast

The displacement on the monocline southeast of

the Miami trough varies from 40 to 60 feet (12 to 18 m) according to
McKnight and Fischer (1970).
(24 m).

It has a maximum amplitude of 80 feet

The downwarped side is to the northeast (Brockie et al., 1968).
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The Ritchey fault extends from Monett, Missouri, almost due west
to about 4 miles (6.4 km) west of Ritchey, Newton County, Missouri, for
a total distance of about 25 miles (40 km) (Brockie et al., 1968).
It is a normal fault of steep south dip downthrown on the south side.
The maximum displacement is 150 feet

(46 m ) c McCracken (1971) reports

"nearby Pennsylvanian rocks do not seem to have been disturbed, hence
the faulting is tought to be late or post-Mississippian and pre-Pennsyl
vanian" o
The Picher anticline was first described by Brockie et al. (1968)
as a broad gently northwest plunging fold evident in the eastern part
of Ottawa County, Oklahoma.

They note that the fold extends northwesterly

through the Picher field and loses its identity about 2 miles (3.2,km)
northwest of there.

This anticline was also outlined cn structure

contour maps based on the top of the Short Creek Oolite and on the
Cotter Dolomite (Brockie et al., 1968).
The Pineville fault occurs at the east edge of Pineville, McDonald
County, Missouri.

It strikes N20°E.

The fault is considered normal

with the hanging wall downthrown to the west.

McCracken (1971) states

that the Mississippian beds are involved, and notes that the Reeds
Spring Member is in fault contact with the Chattanooga Shale.

The throw

of the fault is reported to be between 50 and 100 feet (15 and

30 m)

(McCracken, 1971)«
The Jasper anticline is another structure that occurs east of the
mining district.
area.

It is discussed because it occurs within the study

The fold is defined from near Wentworth, Newton County, across

Jasper County, Missouri, approsimately 28 miles (45 km) in strike length
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(Plate 2)o

McCracken (1971) describes it as a broad anticline which

plunges gently northwest. The structure was identified by structural
contouring the base of the Short Creek Oolite,
The Rialto basin, as described by McKnight and Fischer (1970), is
an irregular east-trending synclinal slump approximately a mile (1,6 km)
long and almost a quarter mile (.4 km) wide in some places.

They state

it has a maximum displacement of 80 feet (24 m) and a thicker sequence
of Chesterian strata than surrounding area.
One of the smaller faults on the structural map of the area is the
Granby fault (Plate 2),

It strikes N70°E and is downthrown to the north.

This structure is reported to have been mapped by Rutledge, however,
Bieber is credited for naming it (McCracken, 1971)«

The fault is 1^

miles (2.4 km) long and is west of Granby (Desai, 1966),
Several small faults have been mapped by Branson in outcrop areas
southwest of the Picher field.
Miami trough,

Most of these trend parallel to the

while two trend northwest.

Underground geologic mapping

indicates the existence of small scattered faults of rand can orientation
not related to the Miami trough system (McKnight and Fischer, 1970).
In addition to the structures described here, other structural
features of lesser importance exist in the study area.

They are included

on the structural map (Plate 2).
Smaller structural features not included on the much reduced
structural map are small faults, synclinal basins, anticlinal ridges,
slump pipes, slump breccias, tectonic breccias and joint systems.
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C.

ORE DEPOSITS
The ore deposits of the Tri-State district are characterized by

their close occurrence to the surface, their remarkable areal extent
and by their lack of association with igneous rocks (Hagni, 1962)0
The proximity of the deposits to the surface has to be considered as
the most striking feature#

All the deposits in the district are reported

as being less than 475 feet (145 m) from the surface (Hagni, 1962)0
Hagni (1976) subdivides the ore bodies in the district into three groups:
runs, circles, and sheet deposits«
A run is defined as an irregular, relatively long tabular body of
mineralized chert breccias which normally follows bedding but occassionally branches from one to the other in certain areas#
(p.

Brockie et al.

422 , 1968) state that certain runs or groups of runs, if followed

for some distance, tend to form a large semi-circular pattern#
runs are normally 10 to

These

500 feet (3 to 152 m) wide, up to 100 feet

(30 m) high and up to several hundred feet (meters) long#
The circles or circular runs are named because they form circular
patterns on maps.
(p.

These deposits are described by Smith and Siebenthal

16 , 1907) as grading into the country rock on the outside with dolo

mite occupying the inner zone.

The most famous one is the Oronogo Circle

which occurs north of Joplin, Missouri#

These circle deposits are

commom in the fields east of the Picher field#

However, they have been

found throughout the Picher field (Brockie et al., 1968)#
The sheet ground deposits are flat-lying tabular deposits which
occur in the Grand Falls Chert#
and stratified (Hagni, 1976)#

They are partly fragmented, mineralized
The deposits have a uniform thickness
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of 12 to 15 feet (4 to 5 m) and an areal extent of up to 200 acres
(.80 km2) (Brockie et al., 1968).

These deposits occur on the northeast

and southwest edges of the Picher field and in the Missouri portion of
the district (Hagni, 1976).
The major minerals of commercial importance in the district are
sphalerite and galena.

Other minerals present are chalcopyrite, pyrite,

marcasite, calcite, dolomite and quartz.

Quartz is the most abundant

gangue mineral and occurs as chert, quartz druses, and quartz crystals.
The mineralogy and paragenesis of the ore deposits have been discussed
in detail by Hagni (1962) and McKnight and Fischer (1970).
The question of the genesis of the ores in the district has not
been resolved.
these ores.

Two views have been proposed concerning the genesis of

One view holds that the ores were dissolved from exposed

sediments by ground water, while the other view suggests that the ore
solutions were produced by magmatic processes.
the deposits as telethermal.

Ridge (1972) classifies

He suggests they were formed by hydrother

mal solutions which deposited the mineral load during a slow loss of
heat and pressure.
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IV.

A.

LANDSAT IMAGE INTERPRETATION

DEFINITION OF LINEAR M D

LINEAMENT

The terminology used in describing natural linear features recog
nized on physiographic, geological, structural and geophysical maps and
aerial photographs are appropriate for defining linears and lineaments
which appear on LANDSAT imagery,,
El-Etr (1974) notes that the definition of the terms "lineaments,
linears, lineaticns, etc." are "loose, contradictory, and sometimes mis
leading".

He also notes that seme of the terms are used indiscriminantly

for features which range from local to super-regional in scale.
In order to reduce the inconsistencies which exist in the termi
nology used to describe natural linear features, El-Etr (1967, 1974)
proposed a set of definitions.

These are used in this thesis.

El-Etr1s (1974) definitions are:

"Lineation:

linear:

Microlinear:

Brachylinear:

Macrolinear:

a descriptive and ncngenetic term for any
natural linear feature of any length within
or on a rock exposed or partly covered by
surficial material (modified from Cloos'
(1946) definition).
a descriptive and nongenetic term for any
lineation within or on a rock, exposed or
covered by surficial material, less than
ten kilometers long. A general term which
encompasses microlinears, brachylinears
and macrolinears (Table II).
a descriptive and nongenetic term for any
lineation that is invisible to the unaided
eye.
a descriptive and nongenetic term for any
lineation within or on a rock, exposed or
covered by surficial material, ranging in
length from less than two kilometers to the
lower limit of visibility of the unaided eye.
a descriptive and nongenetic term for any
lineation within or on a rock, exposed or
covered by surficial material, which is two
to less than ten kilometers long.
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Table II.

Tern

Length Classification of Lineations.

Length

Lineation

greater than 100 km to below the lower
limit of visibility of unaided eye

Megalineament

greater than 100 km

Lineament

100 to 10 km

Linear

less than 10 km

Macrolinear

less than 10 km to 2 km

Brachylinear

less than 2 km to lower limit of
visibility of unaided eye

Microlinear

below the lower limit of visibility
of unaided eye

After El-Etr (1974)

35

Lineament:

a descriptive and nongenetic term for any
lineation within or cn a rock, exposed or
covered by surficial material, ten to one
hundred kilometers long,
Megalineament: a descriptive and nongenetic tern for any
lineation more than one hundred kilometers
long.
Linear Analysis: a term applied to any analytical study
involving linear features predominantly
less than ten kilometers long, and of
unspecified origin.
Linear and Lineament Analysis (or simply Lineation Analy
sis): a term applied, to any study involv
ing both linears and lineaments.
Linear (cr lineament) set: a group of parallel or subparal
lel linears (or lineaments).
Linear (cr lineament) system: any group of two or more
linear (cr lineament) sets within a specific
area.
Linear (or lineament) pattern: an arrangement or configura
tion formed by any linear (or lineament)
set, system, or group of systems".
B.

LINEAR AND LINEAMENT IDENTIFICATION
The images used for the analysis of linears and lineaments in the

study area were obtained from the EROS Data Center at Sioux Falls, South
Dakota.

Tne scene identification numbers were E-2790-16005-5 for the

black and white prints and E-2790-16005-02 for the color print and
transparency.

Frames used for the black and white prints were 119* 155 >

and 227o
Bands 4, 5, 7> a false color print and a false color transparency
were used for the linear and lineament identifications.

The prints had

a scale of 1:250,000 and the transparency a scale of 1:1,000,000.

The

1:250,000 scale imagery was the major source for the image analysis and
from which lineament maps were constructed from all four prints.
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Each of the bands showed a great deal of surface information.

The

color print, however, permitted the mapping of more lineaments than
the others.
detail shown,.

Band 7 was second to the color print in the amount of
Bands 5 and 4 showed almost the same amount of detail.

Roads and streams, however, are better shown on Band 4 than Band 5»
The color transparency revealed most of the observed lineaments of
the color print.

It also showed regional structural trends very well.

Some of the smaller lineaments mapped on the black and white prints
were not observed on the color transparency because they were too
small to be recognized on the smaller scale transparency.
The LANDSAT imagery of the 1:1,000,000 transparency is reduced
and printed as Figure 5.

It shows an outline of the study area.

Figures 6 and 7 are a curvilinear and lineament map, and a rock-type—
surface map of the study area, respectively.
Visual examination of the LANDSAT imagery resulted in identifica
tion of approximately 326 lineations.

These range in length from

.8 mile (1.3 km) to 68 miles (109.4 km).

Major trends, or sets, of

the lineations are northeast, northwest, and north-south.
also a minor east-west set (Fig. 8).

There is

A map of the lineations prepared

from the 1:250,000 scale print is included as Plate 3.
Most of the lineations identified are expressed by their degree
of certainity through use of solid lines, dashed lines and dotted
lines (Plate 3)«

The solid lines represent those lineations clearly

visible on the imagery.

The dashed lines represent those lineations

visible in seme areas and segmented in others.

Finally, the dotted
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Figure 5*

LANDSAT imagery outlining the study area (From EROS Data
Center, Sioux Falls, South Dakota, scene no. E-2790-16005-5)•

Circular
Number

Figure 6„

and
for

curvilinear

feature

description

Lineament and Curvilinear Map of study area
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lines represent those lineations of weak visual expression, thin and
almost invisible.
C.

These are inferred or projected through an area.

LINEAR AND LINEAMENT ANALYSIS
The section which defines the terminology used in linear and

lineament identification is the basis for classification of lineations
observed in the study area.. El-Etr (1974) defines linear (or lineament)
set, system and pattern.
this study.

These are used in describing lineations in

It is important to note that this classification stresses

length and degree of perception of lineation.
Three major lineation sets are present in the study area.

These

include a northeast-trending set, northwest-trending set and a northsouth-trending set.

A minor east-west set is also apparent on the

Rose Diagram (Fig. 8).
For purposes of this report lineations are identified by number
and/or by reference to a geologic structure, or geographic feature.
The lineations are named to facilitate reference and identification.
A example of a lineation named after a geologic structure is the
Seneca lineament.

This coincides with the Seneca graben and was

named by Kisvarsanyi (1976).
The intersection angles between some of the major lineaments
range from 20° to 90°.

The direction in which the intersection

angles face is also noted.

Some acute intersection angles of linea

ments are shown in Figure 9»
A statistical analysis of lineation lengths was completed.

The

length of lineations range from .8 mile (1.3 km) for Lineament #78
to 68 miles (109.4 km) for the Seneca megalineament (Lineament #162).
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Figure 8.

Rose diagram based on 326 lineations mapped in the study
area. Each circle interval represents 5 lineations.

h2

Figure 9.

Acute intersection angles between some of the major
lineaments.

A3

The average length of the lineations is 7,3 miles (1107 km) and the
standard deviation is 8.1 miles (13 km).

The trends and lengths of

individual lineation are included in Appendix A.
lineations are expressed in different ways on the imagery.

Some

lineations occur as straight-line segments, others are curved, while
others are nearly angular.

Many in the southeastern portion of the

area reflect the drainage pattern.
Ground truth investigations were conducted in selected areas.
Joint and fracture readings obtained from these investigations were
plotted on strike-frequency diagrams (Fig, 10),
tions were made in Newton County, Missouri.
lineations in the area.

Most of the observa

Some joints parallel the

These findings are included under the des

cription of the major lineaments,

D,

DESCRIPTION OF LINEAMENTS
1,

Major Lineaments: Major lineaments described here are part

of the three major and minor sets.

The discussion starts with the

northeast set, followed by the northwest set, and the north-south set.
The east-west set is described last.

This order of discussion follows

the relative abundance of lineations in the four sets.
a.

Northeast-Trending Lineation Set:

The northeast-trending

lineation set consists of four prominent sub-sets.

These have strikes

of N35°- 45°E, N45°- 55°E, N55°- 65 °E and N65°- 75°E.
sub-set in the set is N5$°- 6$°E,

The dominant

In general, sub-sets are most

abundant in the southern portion of the study area,
Ground truth investigations in the southeast part of the area
indicate joint and shear patterns with strikes similar to some of the

Figure 10.

Strike-frequency diagrams of joints in study area
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mapped lineations.

A strike-frequency diagram of the joints is

shown in Figure 10.
The Seneca megalineament (Lineament #162) is 68 miles (109.4 km)
lone.

This is classified as a megalineament (Table II).

lineament strikes N46°E.

The mega

Based on field mapping (McKnight and Fischer,

1970) it is defined as a synclinal graben in the Boone Formation.

This

structure trends from about 25 miles (40.2 km) southwest of Seneca to
43 miles (69.2 km) northeast of Seneca (Plate 3).

It is expressed as

a continuous synclinal graben for about 16 miles (25.7 km) southwest
and northeast of Seneca.

This part of the continuous graben has a

maximum width which approaches .4 mile (.6 km) northeast of Seneca.
Lost Creek flows through this segment of the valley.

The southwestern

limit of the megalineament is in Delaware County, Oklahoma, and the
northeast limit is the northeastern boundary of Jasper County, Missouri.
The megalineament is somewhat segmented from Tipton Ford to the north
east.
Topographically, the megalineament is expressed as a long relatively
straight valley.

Several tributaries branch off this valley.

Brockie

et al. (1968) report that the megalineament (their Seneca graben)
extends S40°W of Tipton Ford to a few miles (km) east of Pryor in
Mayes County, Oklahoma.
Ground truth investigations about .3 mile (.5 km) north of Seneca
on Highway 43 reveal joint sets with a dominant N40°-50°E strike.
Several joints observed between Seneca and Racine have strikes comparable
to those of the Seneca megalineament.

An outcrop with shears present

south of Racine and 2 miles (3*2 km) north of Westview (Fig. 11), has
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Figure 11,

Photo of joints near West view, Mo,, (Photo by Dr, P, D,
Proctor),
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close spaced joints of dominant N55°W and N24°W strikes.
the joints are 2 to 4 inches (5 to 10 cm) apart.

Most of

Further northeast

along the general trend of the megalineament} an outcrop of mediumbedded limestone occurs 5 miles (8 km) west of Sarcoxie at the inter
section of Interstate 44 and State Highway 37<>
expressed with strikes of N50°-60°E.

Here joints are

A plot of some of the joints is

included in figure 10.
The Pineville lineament (#123), has a strike of N27°E» and a length
of 56 miles (90.1 km).

It is distinctly expressed as a sharply dissect

ed linear feature which originates just south of Pineville, Missouri.
It extends from 4 miles (6.4 km) south of Pineville and in segmented
parts extends to a few miles (km) across the Lawrence County, Missouri,
line.

The lineament occurs in the Boone Formation.

McCracken (1971)

reports the Pineville fault as a normal fault with a strike of N20°E,
The length of this structure on the imagery is longer than that shown
on the structural map of Missouri (McCracken, 1971).

The lineament is

intersected near Boulder City, Missouri, by Lineament #117.

Two photo

graphs were taken along the trend of these lineaments east and north of
Boulder City (Figs. 12 and 13).

This lineament also intersects Linea

ment #127 four miles (6.4 km) east of Ritchey, Missouri, resulting in
a southwest facing acute angle of 65°.
Ground truth investigations around Boulder City indicates joint
sets of N30°E, N45°E, and N25°W.

An outcrop of crinoidal limestone has

a joint set with strikes ranging between N55°-65°E (Figs. 14 and 15).
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Figure 12.

Photo along lineament looking east just north of Boulder
City, Mo., (Photo by Dr. P. D. Proctor).

Figure 13.

Photo along lineament looking northwest just north of
Boulder City, Mo., (Photo by Dr. P. D. Proctor).
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Figure 14»

Fracture face in encrinite one mile north of Boulder City,
Mo., (Photo by Dr. P. D. Proctor).

Figure 15*

Face of encrinite one mile north of Boulder City, Mo.,
(Photo by Dr. P. D. Proctor).

$0

The ground truth check appears to reflect the different trends
associated with some of the mapped lineations on the imagery of
the area0
Lineament #286 has a strike of N60°E and a length of 34.4 miles
(55*3 km)„

It extends 4 miles (6,4 km) along the strike from north

of Seneca and continues southward to just north of Wyandotte, Oklahoma.,
The lineament is continuous to Afton, Oklahoma,

Here it gradually

disappears across the Ottawa-Craig County line.

A straight segment of

an arm of Lake of the Cherokee between Wyandotte and Fairland, Oklahoma,
lies along the trace of this lineament.

This lineament intersects

the

Seneca megalineament near Seneca, Missouri,
Lineament #95 (Elm Creek lineament) strikes N37°E, and is approxi
mately 14 miles (23 km) long.
Picher field, near Treece,

It passes along the western edge of the

Kansas,

Here it is intersected by a

smaller lineation set of mostly N30°-40°W strike.

The trace of the

Elm Creek lineament is distinctly visible on the imagery, southwest
of the Picher field, as a dark-gray line-like feature which crosses
Neosho River north of Miami, Oklahoma,
this lineament.

Elm Creek appears to lie along

Ground truth investigation in the Picher field area

were not successful in revealing features related to the lineament
because of extensive tailings which cover the area.
Lineament #21 (Miami lineament), strikes N24°E and has a length
of 44 miles (71 km).

It also crosses the Picher field and is expressed

as a segmented lineament.
Miami and Cardin, Oklahoma.

Its trace on the imagery is visible through
Here it crosses the Neosho River on the

western margin of Miami where the river appears to follow it south for
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Figure 16.

Joints one mile north of Powell, Mo. looking northwest
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is the next most abundant in the area.

These lineations are mainly-

concentrated in the northern half of the area, in contrast to the
relative abundance of the northeast set to the south.

Both of these

lineation sets reflect the fracture and shear patterns observed in
mines of the Tri-State district (Weidman, 1932; Fowler and lyden, 1932).
The lineations comprising this set include several sub-sets of
N25°-35°W, N35°-45°W, N45°-55°W, and N55°-65°W.

The dominant sub-set

is N35°-45°W.
Joint readings taken during ground truth investigations also
show a dominant northwest set just north of Powell, Missouri (Fig. 16)0
Joints measured on Route H, north and south of Boulder City, have
strikes northwest, and some northeast (Figs. 14 and 15)»
In southeastern McDonald County, Lineament #117 is visible on the
imagery from 4 miles (6.4 km) southeast of Bethlehem, where it inter
sects northeast-trending Lineament #157.
length of about 30 miles (48.3 km).
Boulder City.

It trends N46°W and has a

The general strike carries through

Here field checks indicate joints of northwest strike.

These are probably related to the lineament.

Joints occur in one foot

(.3 m) thick limestone (Fig. 14)# and also in fractured chert which is
exposed along state Route D.

The trace of the lineament passes through

Neosho toward Tipton Ford where it is expressed in highly fractured and
jointed chert (Fig. 17).

The lineament terminates one mile (1.6 km)

north of Tipton Ford.
Topographically, the lineament follows the course of Shoal Creek
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Figure 17«

Joints in chert, near Tipton Ford, Mo., looking north
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through Neosho.

Tributaries branch out from this valley and a few

lineations intersect it at various points.
by three major lineations.
at Boulder City.

It is also intersected

The Pineville lineament (#123) intersects

Further northwest, it is intersected by Lineament

#127, an east-west-trending lineament near Tipton Ford.

About a mile

(1.6 km) along its trace northwest of Tipton Ford, it is intersected
by the Seneca megalineament.

The acute intersection angle with the

Seneca megalineament is 70° facing south and north.

The intersection

with the Pineville lineament is about 80° and faces south and north.
In the northwest portion of McDonald County, Missouri, Lineament
#112 originates two miles (3.2 km) southwest of May where it intersects
Buffalo Creek.
(33.8 km).

This lineament trends N33°W and has a length of 21 miles

It is reflected in Mississippian beds (Boone) northward

through Seneca, where it intersects the Seneca megalineament.
Ground truth investigations provide joint readings with a dominant
N30°W strike.

These occur in thick-bedded limestone beds along State

Highway 43 just north of Seneca.

The lineament is continuous to the

Baxter Springs mining area where it ends.
occur in the mining field.

Before entering the Baxter Springs area,

it passes near Peoria, Oklahoma.
trending lineament (#73)«

A possible extension may

Here it is intersected by a N20°E

A mineralized area occurs in the vicinity

of Peoria where old mines were worked.
Lineament #31 is 24 miles (38.6 km) long and trends N40°W.
trace is approximately two miles (3«2 km) northwest from Diamond,
Missouri.

Its projection intersects the Seneca megalineament.

Its
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Lineament #31 follows the general trend of the Duenweg-Oronogo mining
area and continues north of Cronogo following the axis of the
Galesburg-Pittsburg anticline (Plate 2).

This lineament terminates

near Opolis, Kansas, close to the Kissouri-Kansas; border.

The trace

of the lineament is expressed in Mississippian Boone Formation in
northern Jasper County, Missouri.

Further north, once it enters the

Pennsylvanian Cherokee Shales the trace disappears.
Lineament #20 is 24 miles (38.6 km) in length and trends N26°W.
This lineament can be traced from the southern limits of Joplin
northwesterly.

It passes through an old mine area near the intersec

tion of U. S. Highway 71 and the Jasper-Newton County line and continues
northwest through the mineralized zone of the Joplin area.

It crosses

the Kansas state line at Asbury, and continues on through northeastern
Cherokee County, Kansas.

It parallels the Kansas City Southern Rail

road in some areas and terminates in Crawford County, Kansas.

This

lineament intersects Lineament #29 two miles (3.2 km) south of Webb
City, Missouri, and forms an acute angle of 30° facing south and north.
It is also intersected by a northeast trending lineament (#28) at
Carl Junction, Missouri.
Another northwest-trending lineament is visible in the imagery of
Jasper County.

This one (#41) originates two miles (3.2 km) east of

Parshley, Missouri, where it crosses Interstate 44.

The strike is

N33°W and its length 25 miles (40.2 km).
The lineament direction is reflected in joints in the Boone
Formation of bearing N40°W between Parshley and Sarcoxie.

Lineament #41
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can be traced along strike through Carthage, Missouri,,

Outcrops of

limestone two miles (3.2 km) south of Carthage show two joint sets
with northwest and northeast strikes.

The lineament passes through

a mined out area northwest of Carthage and Kendricktown.
along strike to the northern border of the study area.

It continues
This lineament

apparently continues beyond the limits of the area.
Lineament #38 is

21+ miles (38.6 km) in length and trends N31°to’»

The southern visible limit of the lineament is one mile (1.6 km) due
west of Pepsin, Missouri.

The southern portion is irregularly defined

as it passes Brooklyn Heights.

It continues northwesterly through the

mined area between Purcell and Neck City and continues beyond the
borders of the study area0
#28 intersect it.

Both the Seneca megalineament and Lineament

An alignment with the mineralized trend of the Alba-

Neck City mining field suggests a possible relationship to mineraliza
tion.

It crosses the Spring River two miles (3*2 km) south of Alba and

cuts across smaller creeks toward the northern part of Jasper County.
The trace is mainly in the Boone Formation, as are most of the other
lineations in the study area.
c,

North-South-Trending Lineation Set:

The north-south-trending

lineation set is third in abundance after the northeast and northwest
lineation sets.

Like the others, other sub-sets are present.

dominant sub-set on the Rose Diagram (Fig. 8) is N5°W to N5°E.
N5°-15°W set is the other sub-set in this set.

The
The

Joints observed in

certain areas during field investigation have north-south bearings
between Goodman and Anderson, near Boulder City, near Tipton Ford,
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and near Ritchey<> A few of the more prominent lineaments of this set
are described below.
Lineament #30 is 24 miles (38.6 km) in length and strikes N3°E.
It is visible from east of Saginaw, south of Joplin, and can be traced
on the imagery as a thin blue line-like feature.

It trends due north

for about 12 miles (19.3 km) before slightly changing its strike to
N3°W at Orcnogo.

It intersects Lineaments #20, #31, #38 and #41 at

various points.

South facing acute angles form with these lineaments

and are 30° with #20, 40° with #31 and #38, and 30° with #41.

With

Lineament #28 a 60° angle facing southwest is formed.
Ground truth investigations near Saginaw show a set of north-south
joints (Fig. 18).

The lineament passes through a region underlain by

thick-bedded limestones.

These are considered competent and readily

susceptible to fracturing.

These limestones are of the Meramecian

and Osagean Series.
A north-south lineament (#29) is visible on the imagery about
two miles (3.2 km) west of

Lineament #30 with a trend of N2°E.

is 12 miles (19.3 km) long.
Interstate 44.
and #31.

It

The visible lineament begins south of

It is intersected by Lineaments #20, #319, #27, #28

A 30° south facing angle occurs with Lineaments #20 and

#319, and a 65° southwest facing angle with Lineament #28.
Several joints were recorded in the field between Joplin and the
junction of State Highway 43.

A plot of these joints on a strike-

frequency diagram shows a minor set of north-south joints (Fig. 10).
These joints possibly reflect the type of stresses which affected the
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Figure 18.

Massive limestone near Saginaw, Mo., looking northwest
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region.

The beds from which these joints were measured are thick-bedded,

and the joints are mostly vertical.

A few of them have a 10° dip to the

northeast.
Lineament #114 is 24 miles (38.6 km) long and trends N4°W.

It is

discontinuous and originates from Splitloe in McDonald County, Missouri.
It can be traced as far north as one mile (1.6 km) west of the inter
section of Interstate 44 and State Route 86.

The lineament consists

of slightly curvilinear segments through McDonald and Newton County.
About two miles (3.2 km) northeast of Racine, Missouri, it intersects
the Seneca megalineament.

Lineament #114 is confined to the Mississip-

pian Boone Formation as are most of the major lineaments in the study
area.

The expression of this lineament is very faint on the imagery,

nor is it as clearly defined as Lineaments #29 and #30.
Lineament #295 is 7.6 miles (12.2 km) long and trends N5°W.

The

first trace of this lineament is 4 miles (6.4 km) south of Wyandotte,
Oklahoma, where it crosses the eastern tip of Lake O' The Cherokee and
diagonally crosses the Seneca megalineament.

At its northern most

expression, it is on a straight segment of Spring River.
ends as the river curves northwest.

Its expression

The Boone Formation underlies the

area in which this lineament is visible.
Lineament #277 trends N15°W and is 16.4 miles (26.4 km) long.

It

is visible on the imagery from two miles (3.2 km) north of Tiff City,
Missouri, and can be traced across the Boone Formation.

The lineament

intersects the Seneca megalineament, Lineament #286 and Lineament #290.
Its trace disappears about one mile (1.6 km) northwest of Peoria,
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Oklahom a.

T h is lin e a m e n t i s n o t d i s t i n c t l y v i s i b l e th r o u g h o u t i t s

l e n g t h , t h e r e f o r e , p o r t io n s o f i t

are r e p r e s e n te d by dash ed l i n e s .

Lineam ent #103 tr e n d s N -S and i s
Its

tr a c e is

f i r s t v is ib le

O klahom a, where i t

about 6 m ile s

(2 9 .6 km) in l e n g t h .

( 9 .7 km) e a s t o f M ia m i,

o c c u r s in th e Boone F o r m a tio n , and c o n tin u e s th ro u g h

th e C h e s t e r ia n S e r i e s f u r t h e r n o r t h .
p a r t o f th e P ic h e r f i e l d .
ta ilin g s

1 8 .4 m ile s

It

c r o s s e s th ro u g h th e e a s te r n

Here th e main s u r fa c e f e a t u r e s p r e s e n t a re

and dumps from th e m in e s.

The lin e a m e n t c o n tin u e s i n t o th e

D esm oin esian S e r i e s and th e n cu rv e s n o r th w e st and te r m in a t e s about
6 m ile s

( 9 .7 km) s o u th o f Colum b us, K a n sa s.

a b ou t 4 m ile s
2.

I t in te r s e c ts

( 6 .4 km) n o r th o f th e P ic h e r f i e l d .

M inor L in e a m e n ts :

The l e a s t number o f l i n e a t i o n s e x p r e s s e d

i n th e s tu d y a r e a have an e a s t - w e s t t r e n d .
and a h a l f p e r c e n t

These a c c o u n t f o r o n ly two

(8) o f th e t o t a l l i n e a t i o n s r e c o r d e d .

A m ajo r e a s t - w e s t tr e n d in g lin e a m e n t (#127) i s v i s i b l e
o f B e rw ic k , Newton C o u n ty , M i s s o u r i , t o
e a s t o f Spurgeon.

I t is

2 7 .2 m ile s

about two m ile s

from n o r th

( 3 .2 km) n o r t h 

( 4 3 .8 km) lo n g and c l o s e l y f o l lo w s

th e co u rse o f S h o a l Creek t o two m ile s
Here i t

Lineam ent #21

( 3 .2 km) n o r th w e st o f G ra n b y .

c o n tin u e s a lo n g an e a s t -w e s t t r e n d .

R it c h e y and may r e l a t e t o th e R it c h e y f a u l t .

The lin e a m e n t p a s s e s th ro u g h
F r a c t u r e and j o i n t r e c o r d 

in g s j u s t e a s t o f R it c h e y show a g e n e r a l e a s t - w e s t t r e n d .

T h is lin e a m e n t

c r o s s e s lin e a m e n t #117 and th e S e n e ca m egalineam en t n o r t h e a s t o f S p u r g e o n .
Lineam ent #60 i s
lo n g .

a n o th e r e a s t - w e s t one and i s

16 m ile s

I t f o l l o w s th e co u rs e o f S p r in g R iv e r from one m ile

o f th e J a s p e r and Law rence C ounty l i n e in M i s s o u r i .

(2 5 .7 km)
( 1 .6 km) e a s t

The v i s i b i l i t y
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disappears west of Carthage, Missouri, where the course of the Spring
River changeso
Lineament #139 is 23.2 miles (37.3 km) long.

It extends from the

vicinity of Boulder City, Missouri, due east to one mile (1.6 km) west
of Seneca.

This lineament locally follows a valley.

It intersects

Lineament #117# Pineville lineament (#123) and Lineament #124 near
Boulder City.

It also intersects Lineaments #114# #162 (Seneca mega

lineament), and Lineament #112.
E. DESCRIPTION OF CIRCULAR AND CURVILINEAR FEATURES
In addition to the lineations identified in the study area,
eleven circular to sub-circular features were also observed.

The

main image source used for identification of these circular features
was the color transparency at 1:1,000,000 scale.

The curvilinear and

circular features, together with the lineations observed on the color
transparency, are shown on the lineament and curvilinear map (Fig. 6).
The circular features range in diameter from about one mile (1.6 km)
to 6 miles (9.7 km).
Missouri.

Six of these features are in McDonald County,

Four occur in Cherokee, Kansas.

The largest of them can be

traced from near Baxter Springs, Kansas to Webb City, Missouri for a
total distance of 18 miles (29 km).
The largest circular feature (#5) in McDonald County occurs
between Anderson and Pineville, Missouri.

It closely follows some

of the drainage lines in the area or vice versa.

The diameter is

two miles (3.2 km) and it is partly surrounded by an arcuate feature.
The arcuate feature extends from about 6 miles (9.7 km) northeast of
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Anderson to just south of Pineville, Missouri,

Four other circular

features occur east and southeast of this structure (Fig. 7).

These

are smaller and range from 4 miles (6.4 km) to 6.4 miles (10,3 km) in
diameter.

Another arcuate feature (#6) occurs about 6 miles (9«7 km)

east of Goodman, Missouri, and follows a valley in the area.
Of the four circular features in Cherokee County, Kansas, the
northern most one

(ff11) occurs near West Mineral.

inner circular feature and an outer arcuate line.

It consists of an
The structure is

adjacent to strip mined areas.
Another arcuate structure (#10) occurs just south of Columbus,
Kansas.

Circular features (#9 and #8} are also shown on the map

(Fig. 6).
The largest circular feature (#7) observed on the imagery occurs
as an elliptical structure with the long axis extending from near
Baxter Springs, Kansas to Webb City, Missouri, for a total distance of
approximately 18 miles (29 km).
wide along most of its length.

The structure is about 6 miles (9.7 km)
It is readily visible on the color

transparency and the color composite and black and white prints.

The

area covered by this structure includes the mineralized areas of Baxter
Springs, Galena, Joplin and Duenweg-Oronogo,
F.

ROCK-TYPE-SURFACE FEATURE DESCRIPTION
The rock-type— surface feature analysis was based on differences

in image tones, textures and colors on the imagery.

This was accom

plished by visual observation of the false color composite print and
the color transparency.

The transparency was used as the source for the

construction of the surface feature map of the study area (Fig. 7)»
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Analysis of the color print and transparency resulted in the
recognition of six categories of tonal variation.

Three of these

tonal variations are believed to be due to the rock type exposed in
the area.

The three variations correspond to the Mississippian and

Pennsylvanian series and their included rocks, and the Chesterian
series of the Mississippian system.

The remaining three categories

are probably due to cultivation in certain areas, mine dump and mill
tailings areas and strip mined areas.
The Mississippian "Boone" Formation covers more than half of the
study area.

It includes an area which extends from two miles (3»2 km)

west of the western edge of the Lake O' The Cherokees, near Bernice,
Oklahoma, to the eastern edge of the study area.

The formation

boundary almost follow the course of the lake into the Spring River
and continues along this course into northern Jasper County, Missouri.
Its northern limit is along the Spring River south of Alba, Missouri.
Here it borders the Pennsylvanian unit.
southward beyond the study area.

The southern limit extends

Rock units here consists mainly of

massive limestones, cherty limestones and cotton rock (Miser, 1954}
Jewett, 1961; McKnight and Fischer, 1970; and McCracken, 1971)®

In

southern McDonald County, Missouri, several areas of residual chert
were observed.
The second image unit consists of rocks of the Desmoinesian series
of the Pennsylvanian system.
tified in the study area.

This is the westernmost image unit iden

It borders the western boundary of the

Mississippian Boone Formation near Galena, Kansas,

From Galena
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southward, it is in contact with the Chesterian series and continues
4 miles (6.4 km) west of Bernice, Oklahoma.

A large part of the area

in northeastern Oklahoma and southeastern Kansas is composed of the
Cherokee Group of this series.

The Cherokee Group consists primarily

of shales and some interbedded sandstone (Brockie et al., 1968).
The third rock image unit identified relates to the Chesterian
series of the Mississippian system.

The former consists of the Bates-

ville Sandstone, Fayetteville Shale, Hindsville Limestone, Pitkin
Limestone and the Moorefield Formation (McKnight and Fischer, 1970).
Exposures of these occur southwest and southeast of the Lake O' The
Cherokee (Fig. 8).

These were compared with the geologic map of

Wyandotte Quadrangle (McKnight and Fischer, 1970) and some correspon
dence was observed.
The fourth image unit identified is a dark gray area in portions
of Jasper, McDonald, and Newton Counties in Missouri and in Ottawa
County, Oklahoma (Fig. 8).

These range in area from one square mile

(2.6 km2 ) to a little over 4 square miles (10.4 km^).
occurs around Peoria, Oklahoma.

The largest

These features probably relate to

the moisture content of the soil in cultivated areas.

The area

surrounding Peoria is mostly cultivated land and this was field checked.
Similar smaller features occur in southeastern Cherokee County, Kansas,
near the Missouri border.
A fifth image surface feature represents mined areas.
appears as patches of light and dark spots.
texture

The latter

These resemble the speckled

present on black and white aerial photographs for the same
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feature.
dumps.

Field review indicates they are tailing piles and mine

These are present in nearly all mined areas in the district,,

A sixth image category of surface features is represented by stripmined areas.

These occur only in the Kansas portion of the study area.

The features cluster near the northwestern part of Cherokee County and
extend a short distance into Crawford County.

They have an irregular

surface expression and appear as dark green on the color print and
transparency.

These were confirmed as strip mines after comparison

with the geologic map of Cherokee County (Seevers, 197p)o
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V.

A.

REGIONAL CHARACTERISTICS OF LINEAMENTS

RELATIONSHIP TO MINERALIZED AREAS
In this section, lineaments are compared with the general trend

of known mineralization which corresponds generally with the mined
areas.

Data used for this correlation were obtained from Desai (1966)

and Brockie et al. (1968).

The data source includes maps showing the

mined areas.
Image analysis indicates that the mineralized areas have a light
and dark gray texture on the color composite print and the color trans
parency.

The mineralized areas on band 4» 5» and 7 have a light tone.

The color tones on the images are directly due to tailing piles which
cover most of the mined areas.

The mineralized areas visible on the

LANDSAT Imagery relate well with those on the maps showing mined areas
(Desai, 1966; and Brockie et al.., 1968),
The lineaments which occur in the mineralized areas have no
significant characteristics which distinguishes them from others
where mineralization is not known.

However, the general trend of

lineations closely follows that of orebodies (Fowler and Lyden, 1932;
Fowler, 1960; McKnight and Fischer, 1970),
In the Picher field, several lineations of northeast and north
west trend are present.

Some of these lineations could be related

to shear zones known in the Oklahoma-Kansas Mining Field (Fowler and
Lyden, 1932; Fowler, 1960).

These authors note that the ore bodies

in this field follow the trend of the shear zones.
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In the Picher subdistrict, three prominent northeast-trending
lineaments are visible, and include Lineaments #102, #95 > and #21.
These are nearly parallel in the center of the mining field.

They are

crossed by shorter northwest-trending linears.
The areal distribution of mined ore-bodies in several host beds of
the Picher field indicate a northeast and northwest trend for the M bed,
a northwest trend for the K bed, a north-northeast trend for the G-H bed,
and an irregular northwest and northeast trend for the E bed (Brockie
et al., 1968).
The mined areas in the Galena field have a dominant northeast
trend, and a minor northwest trend for the lineations.

These follow

the general orientation of the ore bodies and may directly relate to
mineralization as it is suggested for lineations in the Picher field.
Lineament #79 is the major northeast-trending lineament which cuts
diagonally through the Galena field.
Lineament #75 parallels the mined area in the Joplin subdistrict.
This is also the trend of the major ore bodies in the area.
known lineaments closely follow mined areas.

No other

Lineament #73 intersects

lineament #75 near the center of the mined-out area.
The Duenweg-Webb City-Oronogo mining field has a northwest trend
which can be traced for about 8 miles (12.9 km) from Duenweg.

These

mined areas are visible on the imagery as portrayed on maps of mined
areas of the district (Desai, 1966; Brockie et al., 1968),

Significantly

the surface pattern resulting from the mined areas closely follows the
mineralized trend (Fig. 7).
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Apart from the spatial relationship evident from patterns of mined
areas to lineaments, no other data were available from the imagery for
isolating mineralized areas from the non-mineralized areas.

In fact,

several areas not shown as mineralized areas do exist because mining
was underground and no surface expression exists.

A detailed study of

the district together with related shear and lineation patterns might
suggest other areas that are mineralized.
The relationship between lineaments and mineralization as deter
mined in this thesis is a geometric one.

A comparison of the lineament

map (Plate 3) with the structural features map (Plate 2) shows that the
trends of some of the lineations and mined areas are similar.

The

lineations may have a genetic relationship to mineralization also.
The lineations in the Picher field area are probably fractures and
shears related to the Miami trough which diagonally crosses the field.
The Seneca megalineament is another major structural feature in the
area.

It represents a fracture system similar to the Miami trough.

It

is a possible channelway for mineralizing solutions as the Miami trough.
McKnight and Fischer (1970) note that smaller mineralization close to
the Miami trough near Crestline, Kansas, and small deposits along the
Seneca graben (Seneca megalineament) in southwestern Missouri are
evidence to support the concept that these structures were channelways
for mineralizing solutions.
Most of the lineations have northeast and northwest trends.

This

is similar to the northeast and northwest fracture system which Stoiber
(1946) postulates provided channelways for mineralizing solutions.

He
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believe that the mineralizing solutions spread out from the Miami trough
in the Picher field.

This could be the same for the Seneca graben.

Most of the lineations occur on Mississippian units and it is
probable that they represent fracture patterns of the basement complex
which were rejuvenated by later movement as suggested by Hagni (1976)0
This resulted to the fracture pattern on the overlying sedimentary
rocks.

These fracture patterns were developed in the internal between

deposition of the Fayetteville Shale and the Krebs Group,

McKnight and

Fischer (1970) note pre-Krebs deformation occurred in Late Pennsylvanian
time.

They believe that no structural deformation has occurred since

the period of ore deposition suggested as Cretaceous or later.

If their

assumption is correct, then the lineations in the area may have been
produced during this deformation.

Those that reach the basement are

possible passages for mineralizing solutions.

They are Precambrian in

age and are expressed in the overlying sedimentary units as lineations,
B.

RELATIONSHIP TO REGIONAL STRUCTURAL FEATURES
The lineations observed in this study area relate well with some

regional and local geologic structures.

Those believed to be manifesta

tions of faulting, like the Seneca megalineament (#162) and the Pine
ville lineament (#123)» were directly correlated with the Seneca graben
and the Pineville fault, respectively.

It was not possible to directly

distinguish anticlines and synclines on the imagery because of the reso
lution.

Yet, some lineaments could correspond to some well-developed

folds in the district (Plates 2 and 3)«
Several sources were used in comparing known structural features
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and lineamentSo

These include geologic maps from several publications

(Brockie et al., 1968; McKnight and Fischer, 1970; McCracken, 1971) and
other data based on mapping of individual mines (Fowler and lyden, 1932;
Fowler, 1960; McKnight and Fischer, 1970)»
One of the best expressions of a spatial relationship between re
gional structural features and lineaments, is that between the Seneca
graben and the Seneca megaiineament (#162).

The structural map of the

area (Plate 2) shows the Seneca graben extending two miles (3.2 km)
from the southern edge of Delaware County, Oklahoma, to just northeast
of Spurgeon, Missouri, or a total distance of 44 miles (70o8 km).

On

the lineament map (Plate 3)> the Seneca megaiineament (#162) extends
from the southwestern edge of Delaware County along a northeast trend
through Seneca, Missouria

From here it continues northeast to the

eastern corner of Jasper County, Missouri, or a total distance of 68
miles (109.4 km).

The megaiineament is expressed as a synclinal valley

for most of its length.

There is no doubt that the megaiineament relates

to the Seneca graben.
The Pineville fault is another major structural feature in the
study area which corresponds well with one of the lineaments.

This

lineament (#123) is topographically expressed as a northeast-trending
linear.

It is dissected and segmented and follows the outline of the

mapped Pineville fault very closely.
(38.6 km) long.

The fault is about 24 miles

The expression of the lineament on the imagery is

about 30 miles (48*2 km) greater than the length of the Pineville fault
reported by McCracken (1971)•
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As noted, trends of lineations in the Picher field conform with the
northwest and northeast shear zones observed in some of the mines
(Fowler and lyden, 1932; Fowler, 1960).
these shear zones as lineations.

The imagery probably reflects

The northeast-trending lineament (#21)

which passes through the center of the Picher field may be related to
the Miami trough.

There is no surface expression of this graben-like

structure in the area.

Brockie et al. (1968) record that the Miami

trough where present as a graben, extends into the Precambrian basement.
The Bendelari trough, which occurs in the same area is also reported by
them (1968), is also thought to be a reflection of faulting in the
Precambrian basement.
Known lineaments in the Picher field could represent faulting within
deeper sedimentary horizons, or relate to structures in the Precambrian
basement as suggested for the graben-like structures.
The northwest-trending lineaments along the Duenweg-Webb City-Oronogo
mining field could reflect basement faulting as suggested for the Picher
field.

The mineralized trend is related to a poorly developed, syncline

in the Mississippian formations which are faulted at depth and changes
to a graben-like structure (Brockie et al . . 1968).
While spatial relationship between the Seneca graben and Seneca
megaiineament, and Pineville fault and Pineville lineament are apparent,
no definite correlations can be made between other known structural
features and lineaments.
that

However, these above relationships suggest

many of the lineaments in the study area may reflect basement

faulting.
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C.

PROBABLE ORIGIN OF LINEAMENTS
The o r i g i n o f lin e a m e n ts i n th e a r e a d e s e r v e s c o n s i d e r a t i o n .

The

d i r e c t i o n s and c h a r a c t e r o f th e lin e a m e n ts s u g g e s t d i f f e r e n t s t r e s s e s
may have been in v o lv e d i n p r o d u c in g th e o b se rv e d lin e a m e n t p a t t e r n .
An e p iso d e o f t e n s i o n a l s t r e s s was once p r e s e n t a s s u g g e s t e d by th e
developm en t o f g r a b e n - l ik e s t r u c t u r e s , su ch a s th e S e n e ca m egaiin eam en t
and t h e M iam i t r o u g h .

B o th a r e g e n e r a l l y p a r a l l e l i n tr e n d and have an

a v e r a g e s t r i k e o f N35°E»
o f te n s io n a l s t r e s s e s .

N orm al f a u l t s i n th e a r e a a r e a l s o
De S i t t e r

(p .

s u g g e s t iv e

1 35 , 1964) s u g g e s t s t h a t n orm al

f a u l t s a r e a lw a y s due t o t e n s i o n a l s t r e s s .
T e n s io n a l s t r e s s e s t h a t produced n o r t h e a s t t r e n d i n g f a u l t s r o u g h ly
p a r a l l e l t o th e S e n e c a gra b en and M iam i tr o u g h and o t h e r norm al f a u l t s
i n t h e a re a m ust have had a h o r i z o n t a l p r i n c i p a l s t r e s s a x i s s t r i k i n g
n o r th w e s t— s o u t h e a s t .
A c u te i n t e r s e c t i o n a n g le s o f m ost o f th e l i n e a t i o n s i n t h e a r e a f a c e
n o r t h - s o u t h , n o r t h - n o r t h e a s t and s o u t h -s o u t h w e s t .

The c o n ju g a t e s h e a r s

i n c lu d e th e n o r t h e a s t and n o r th w e st l i n e a t i o n t r e n d s , n o t i n c l u d i n g
th o s e r e l a t e d t o t e n s i o n a l s t r e s s e s , and n o r t h e a s t and n o r th w e st j o i n t
se ts.

The b i s e c t o r o f th e c o n ju g a t e sh e a r i s

c o n s id e r e d as t h e maximum

co m p re s siv e s t r e s s a x i s t r a j e c t o r y , and p a r a l l e l s th e S e n e ca m e g a iin e a 
m e n t, Miami tr o u g h and P i n e v i l l e lin e a m e n t , w h ile th e s t r e s s a x e s p e r 
p e n d ic u la r t o th e maximum co m p re s siv e s t r e s s a x i s w ould be t h e i n t e r 
m e d ia te and /or l e a s t s t r e s s a x i s

(F ig .

19).

B e ca u se some o f t h e l i n e a 

t i o n s and j o i n t s mapped i n th e f i e l d a r e c o n s id e r e d a s sh e a r f r a c t u r e s ,
H a rtm a n 's law i s u se d t o p r e d i c t th e s t r e s s o r i e n t a t i o n ( p . 283, D e n n is ,

1972).

T h is law s t a t e s t h a t th e maximum co m p re s siv e s t r e s s a x i s b i s e c t s
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Figure 19.

Diagram of known major structures, mapped lineaments and
possible stress field.
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th e a c u te a n g le betw een c o n ju g a te s u r fa c e s o f f a i l u r e i n s h e a r .

The

in te r m e d ia te s t r e s s a x i s would be v e r t i c a l .

Additional evidence for the direction of the maximum compressive
stress direction is the northwest trending folds in the area.

These

probably resulted from a north-northeast and south-southwest compressive
stress.

The north-south and east-west lineations may well be second and

third-order shear fractures resulting from the maximum compressive stress.
A diagram of the major lineaments, faults and folds and predicted stress
direction is shown in figure 19.
The lin e am en t tr e n d s i n th e a re a c o u ld a ls o be p a r t o f a re p e a te d
lin e am en t system c a l l e d th e "r e g m a tic sh ea r p a t te r n " by Sonder (1947).
Many g e o l o g i s t s have d e s c r ib e d t h i s p a tte r n i n v a r io u s p a r ts o f th e
w o r ld .

In N o rth A m e rica , Mayo (1958) i d e n t i f i e d s i m i la r p a t te r n s in

sou th w estern U . S . , W isse r (1957) r e c o g n iz e d them in th e C o r d i l l e r a ,
Vernon (1951) i n F l o r i d a , F is k (1944) i n th e Lower M i s s i s s i p p i V a l l e y ,
E l-E tr

(1967) i n s o u th e a s t M is s o u r i, and K is v a r s a n y i and K is v a r s a n y i

(1974) a c r o s s th e s t a t e o f M is s o u r i,

I n C anada, W ilso n (1948), B la n c h e t

(1957)• M o lla rd (1957, 1959) and Haman (1964) d e s c r ib e s im ila r f e a t u r e s .
In Europe, Umbgrove (1947), Cloos (1948) and Sonder (1947) discuss
similar features.
tern.

In Australia, Hills (1955) describes a similar pat

In South America such a pattern is described for parts of the

Amazon basin (Sternberg and Russel, 1952; Howard, 1965).

In Africa, the

pattern is identified in the Nile basin (Yallouze and Knetsch, 1954) and
for the African continent (Umbgrove, 1947; Brock, 1956 and 1957).
Mollard (1957) outlines certain pre-requisites for the development
of such regional lineament patterns.

These include a great span of time,
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a continuous simple mechanism extending downward many kilometers from
the surficial materials, differential adjustments absent or small along
the lineaments, and a mechanism of world wide extent with possible
greater intensity in local areas.
Theories on the origin of the regmatic shear pattern have been
treated in detail by El-Etr (1967).
in this section.

Some of these are briefly discussed

Vening Meinesz (1947) attempted to correlate the

origin of the planetary systems of lineaments to a large displacement of
the poles in the early infancy of the earth's history.

He believe that

the stresses resulting from the flattening of the earth at the poles led
to formation of shear planes in the crust of the earth.

Moody and Hill

(1956) believe several types of stresses are responsible for the genesis
of the regmatic shear pattern.

They include:

subcrustal convection

currents with preferred orientation acting in a meridional direction,
compressional stresses from diurnal rotation of the earth, and secular
compression as a result of cooling and contraction.

They also suggest

that "possibly each of these three types of forces has had and does
have a large north-south component:

Other forces of similar nature

may be involved".
Blanchet (in Cowell, 1960, p. 260-261) considers four stress fields
of primary importance:

north-south rotational stresses resulting from

departure of earth from a circle about the sun and variation in the
shape of the earth; east-west rotational stress resulting from tendency
of certain annular segments of crust migrating east

faster than adja

cent segments, tidal stresses of "significant repetitive nature", and
difference in elasticity of the earth's crust which suggests that the
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north-south elasticity is probably twenty to thirty percent less than
that in the east-west direction and may result in a possible orientation
effect on the fracture system,
Haman (1961) suggests two very general stress fields which he
believe produced the regmatic shear pattern.

One is internal (tectonic)

and the other is external oscillatory (earth tides).

He notes that

internal forces should cause variations in the pattern world wide, while
an external force should yield a rather similar world wide pattern.

He

further notes the possibility of the internal stress field being super
imposed upon the externally generated fracture system.
The present author suggests that lineaments in this area are
probably manifestations of upward expressions of the fracture pattern
in the Precambrian basement.
shear pattern".

This in turn is related to the ‘'regmatic

He agrees with Haman (1961) and El-Etr (1967) that the

fracture patterns (regmatic shear pattern) may have resulted from exter
nal oscillatory forces and/or internal forces.
He notes that dynamic forces were operative in the area and re
sulted in the formation of the lineament pattern.

The northeast—

northwest lineation trends are due to a north-northeast— south-southwest maximum compressive stress which produced the northwest trending
folds.

This in turn relates to a northwest— southeast tensional stress

which produced the Seneca megaiineament, the Miami trough and other
northeast trending normal faults like the Pineville fault.
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V I.

SUMMARY AND CONCLUSIONS

The primary objectives of the study were to determine the character
istics of the lineations in the Tri-State mining district and immediately
surrounding areas and relate, if possible, the trends and/or alignments
of formerly mined areas with specific lineaments or trends; to identify
possible extensions of faults of the district, and if possible, to iden
tify new ones; to suggest a possible origin of the lineaments and their
relationship to mineralized areas of the district; and finally, to pre
dict, if possible, areas of favorable geologic setting for mineralized
areas.
The characteristics of the lineations and specific descriptive ter
minology are suggested,

Lineation is defined as a descriptive and non

genetic term for any natural linear feature of any length within or on
a rock exposed or partly covered by surficial material.

This includes

linears less than ten kilometers in length (microlinears are invisible
to the unaided eye, brachylinears are less than two kilometers, and
macrolinears are two to less than ten kilometers long).

Lineaments are

ten to one hundred kilometers and megalineaments more than one hundred
kilometers in length,
A plot of lineation trends for the area reveals four major lineation
sets and minor sub-sets.

The major lineation set has a northeast-trend

ing bearing with a dominant N55°-65°E sub-set.
major set has a dominant N35°-45°W sub-set.
set has a dominant N5°E - N5°W sub-set.
east-west.

A northwest-trending

The north-south-trending

The least well expressed set is

Individual lineations for the total area range in length
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from .8 miles (1.3 km) to 68 miles (109.4 km).

According to the classi

fication system used, one megaiineament, one hundred and twenty lineaments
and two hundred and five linears are visible on the imagery.
lineation trends compared with those of mined areas show good cor
relation.

Mined areas of the Picher field have general northeast and

northwest trends as also the lineations observed in this area.

Lineations

identified in the Galena field have a northeast trend which is similar to
the trend of the mined areas.

The Joplin field has a northwest trend and

the Duenweg-Webb City-Oronogo field a similar trend.

Lineations observed

in these two fields also show a northwest trend.
The largest number of lineations occur in the massive, more competent
rock units in the area.

The Boone formation is one of these massive units,

and taken collectively is very competent.

This formation has the greatest

abundance of lineations in the study area.

Because of its competency, the

unit breaks and fractures readily when subjected to deforming stresses.
Such stresses were the cause of the lineation system.
and shear zones are mainly in this formation.

Breccias, fractures

They have trends similar to

those known for the ore bodies and may have acted as channelways and loci
of deposition for the ore deposits.
The most productive ore bed in the district is the M bed of the
Boone formation.
in this unit.

The largest number of base metal occurrence is also

It is significant that the most ore productive stratigra

phic unit and the largest number of lineations are not only closely asso
ciated geometrically, but may have genetic relationships as well.

Shear

zones and fractures in the mines of the district served as ore fluid
channelways.

The geometrically related lineations may also have provided
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passages for transportation of mineralizing solutions.

The origin of

the ore fluids is beyond the scope of the present study.
Field investigations in certain localities of the study area reveal
joint and fracture sets similar in trend to some of the mapped lineations.
Most of the ground checks were in McDonald County, Missouri.
A comparison of the lineament map (Plate 3) with the structural
features map of the area (Plate 2), indicates that the Seneca graben
corresponds well with the Seneca megaiineament.
fault and the Pineville lineament correlate.

Similarly, the Pineville

Some of the other linea

tions in the area might relate to faults, but these could not be
confirmed.
The lineament pattern in the study area is similar to the world
wide pattern of lineaments reported by Sonder as a "regmatic shear
pattern".

Like this regmatic shear pattern, the lineations within

specific area have four trends:

northwesterly, northeasterly, northerly

(meridional), and easterly (equatorial).

The northeasterly and the

northwesterly sets are dominant.
With regards to origin of the lineaments, the writer agrees with
Haitian's (1961) concepts.

The lineament pattern is attributed to

external oscillatory (earth tides) and/or internal (tectonic) forces.
Variations in the lineament pattern may be due to imposed internal
stresses.

In respect to the latter, the writer suggests that the

northeast and northwest lineation trends are due to a north-northeast—
south-southwest maximum compressive stress.

Concurrently, this stress

relates to a northwest— southeast tensional stress which produced the
Seneca megaiineament and the Miami trough.

The north-south and
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east-west lineation trends may be second and third order shear fractures.
The lineation pattern of the area may well be an expression of the fault
pattern of the Precambrian basement complex with renewed activity on
some as a result of the stress applications„
Possible favorable geologic settings similar to known mineralized
areas include the southwestern portion of the district in Missouri,
especially, those underlain by the more competent Ordovician rocks.
The abundance of lineations in this part of the region suggests that
shear patterns exist.

Additional study of the stratigraphic and

structural characteristics of the units in this area is suggested.
Aeromagnetic data for the region might help in confirming or refuting
whether the mapped lineaments represent basement faults.

Areas adjacent

to the Seneca graben, Miami trough, and extension of mined areas with
good lineation expression might be considered in the search for undis
covered mineralization.

The lineations of the area might well represent

part of the plumbing system for the mineral deposits in the area.
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APPENDIX A

LENGTHS AND TRENDS OF LINEATIONS
Ntimber

Length
Miles
Kilometers

Trend

Number

Length
Miles
Kilometers

Trend

1

4.0

6.4

N9°W

22

3.6

5.8

N41°E

2

4 .0

6.4

N26°W

23

4.0

6.4

E - W

3

1 0.0

16.1

N42°E

24

6.0

9.7

N - S

4

12.8

20.6

N22°W

25

4.8

7.7

N35°W

5

8.4

13.5

N10°W

26

10.0

16.1

N23°W

6

8.8

14.1

N35°W

27

14.8

23.8

N86°W

7

19.6

31.5

N72°E

28

32.8

52.8

N75°E

8

7.2

11.6

N32°W

29

12.0

19.3

N2°E

9

11.2

18.0

N48°E

30

24.0

38.6

N3°E

10

2.8

4.5

N - S

31

24.4

39.3

N40°W

11

2.0

3.2

N8°E

32

7.2

11.6

N32°E

12

5.6

9.0

N59°E

33

9.6

15.4

N20°W

13

1.2

1.9

N32°E

34

2.0

3.2

N11°W

14

6.0

9.7

N45°E

35

8.0

12.8

15

34.0

54.7

N17°W

36

3.6

5.8

N48°W

16

4.8

7.7

N - S

37

4.8

7.7

N22°E

17

12.0

19.3

N30°W

38

24.0

38.6

N31°W

18

3.2

5.4

N35°W

39

4.0

6.4

N30°W

19

15.2

24.5

N35°W

40

2.4

3.9

N65°E

20

24.0

38.6

N26°W

41

25.2

40.5

N33°W

21

44.0

70.8

N24°E

42

3.2

5.1

N42°E

N3°E
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Trend

Number

Length
Trend
Miles
Kilometers

43

2.2

3.5

N68°E

66

7.6

12.2

N7°W

44

4.0

6.4

N77°W

67

12.4

20.0

N3°W

45

2.8

4.5

N54°E

68

2.4

3.9

N85°W

46

9.0

14.5

N37°W

69

1.6

2.6

N46°W

47

3.2

5.1

N57°E

70

8.0

12.9

N - S

48

4.2

6.8

N9°W

71

4.4

7.1

N70°E

49

4.4

7.1

N54°W

72

5.2

8.4

N83°W

50

3.6

5.8

N46°W

73

13.2

21.2

N20°E

51

2.0

3.2

N59°E

74

1.0

1.6

N67°E

52

4.0

6.4

N43°E

75

\-n
0
O

Length
Miles
Kilometers

8.0

N30°W

53

2.0

3.2

N82°E

76

2.8

4.5

N32°E

54

6.4

10.3

N55°W

77

2.4

3.9

N42°E

55

2.2

3.5

N80°W

78

.8

1.3

N42°E

56

1.8

2.9

N50°E

79

5.2

8.4

N26°E

57

9.6

15.4

N72°E

80

5.2

8.4

N55°E

58

12.0

19.3

N56°E

81

8.8

14.2

N38°W

59

11.2

18.0

N56°E

82

11.6

18.7

N9°W

60

16.0

25.7

N84°W

83

8.0

12.9

N36°W

61

5.6

9.0

N50°E

84

17.6

28.3

N18°W

62

1.8

2.9

N41°W

85

12.0

19.3

N37°W

63

10.2

16.4

N67°E

86

6.0

9.7

N19°E

64

6.8

10.9

N80°E

87

12.0

19.3

N75°E

65

10.0

16.1

N65°E

88

13.6

21.9

N53°E
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Length
Miles
Kilometers

Trend

Number

Trend
Length
Miles
Kilometers

89

1.6

2.6

N50°E

111

5.6

9.0

N59°E

90

7.2

11.6

N56°E

112

21.2

34.1

N33°W

91

7.2

11.6

N38°W

113

2.4

3.9

N54°E

92

3.2

5.1

N61°E

114

24.0

38.6

93

3.0

4.8

N20°W

115

2.0

3.2

N20°W

94

4.8

,7.2

N22°W

116

4.0

6.4

N46°W

95

14.2

22.8

N37°E

117

29.2

46.7

N46°W

96

1.6

2.6

N5°W

118

29.6

47.6

N38°E

97

3.6

5.8

N40°E

119

12.0

19.3

N38°E

98

2.8

4.5

N65°E

120

2.8

4.5

N50°E

99

2.8

4.5

N38°W

121

6.0

9.7

N58°E

100

3.6

5.8

N40°W

122

6.2

10.0

N65°E

101

3.2

5.1

N43°W

123

56.0

90.1

N27°E

102

20.0

32.2

N16°W

124

11.0

17.7

N41°E

103

18.4

29.6

N - S

125

33.0

53.1

N47°E

104

21.2

34.1

N39°E

126

6.0

9.7

N64°E

105

1.6

2.6

N5°W

127

27.2

43.8

E - W

106

5.2

8.4

N65°w

128

12.0

19.3

N72°E

107

5.6

9.0

N62°E

129

13.2

21.2

N41°W

108

6.2

10.0

N61°E

130

2.4

3.9

N53°E

109

6.4

10.3

N66°W

131

2.4

3.9

N - S

110

8.0

12.9

N54°E

132

4.4

7.1

N33°W

N4°W
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Length
Miles
Kilometers

Trend

Number

Length
Trend
Miles
Kilometers

133

2.4

3.9

N - S

155

6.0

9.7

N30°E

134

2.0

3.2

N62°E

156

2.8

4.5

N24°E

135

2.8

4.5

N40°E

157

12.0

19.3

N30°E

136

2.8

4.5

N40°E

158

4.0

6.4

N35°E

137

3.2

5.1

N46°E

159

4.0

6.4

N28°E

138

22.0

35.4

N24°W

160

2.2

3.5

N76°W

139

23-2

37.3

N 88°W

161

3.6

5.8

N4°W

140

19.2

30.9

N20°E

162

68.0

109.4

N46°E

141

2.8

4.5

N2$°E

163

7.6

12.2

N52°W

142

2.8

4.5

N52°E

164

2.4

3.9

N46°E

143

2.0

3.2

N35°E

16$

3.6

5.8

N73°E

144

3.2

5.1

N26°W

166

10.8

17.4

N40°E

145

3.2

5.1

N15°E

1 67

6.0

9.7

N47°E

146

1.2

1.9

N31°E

168

10.8

17.4

N32°W

147

3.6

5.8

N7°W

169

2.0

3.2

N76°W

148

6.0

9.7

N6°W

170

2.0

3.2

N1$°W

149

4.0

6.4

n 6o °e

171

2.8

4.5

N30°E

150

12.0

19.3

N63°W

172

2.8

4.5

N81°E

151

1.6

2.6

N9°w

173

12.8

20.6

N33°W

152

2.0

3.2

N20°W

174

2.8

4.5

N27°W

153

1.6

2.6

N3°E

175

1.4

2.3

N20°W

154

1.6

2.6

N80°E

176

2.4

3.9

N20°E
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Length
Miles
Kilometers

Trend

Number

Length
Trend
Miles
Kilometers

177

3»2

5.1

N34°E

200

2.4

3.9

N12°W

178

2.8

4.5

N37°W

201

4.0

6.4

N16°E

179

3.2

5.1

N4°E

202

2.4

3.9

N39°E

180

2.8

4.5

N33°E

203

1.6

2.6

N72°E

181

3.2

5.1

N?5°W

204

3.2

5.1

N60°E

182

4.4

7.1

N68°E

205

3.6

5.8

N26°W

183

4.0

6.4

N38°E

206

9.2

14.8

N5°E

184

8.8

14.2

N60°E

207

6.8

10.9

N36°w

185

6,4

10.3

N25°E

208

2.4

3.9

N39°E

186

10.4

16.7

N50°E

209

2.8

4.5

N64°E

187

3.2

5.1

N9°E

210

2.0

3.2

N23°W

188

1.6

2.6

N68°E

211

4.8

7.7

N11°W

189

3.6

5.8

N53°E

212

4.0

6.4

N62°E

190

1.6

2.6

E - W

213

1.6

2.6

N60°E

191

3.8

6.1

N50°E

214

1.6

2.6

N30°W

192

3.2

5.1

N26°W

215

1.6

2.6

N20°E

193

2.4

3.9

N86°W

216

3.6

5.8

N7°E

194

2.8

4.5

N30°E

217

4.4

7.1

N32°E

195

2.0

3.2

N26°E

218

8.8

14.2

N22°E

196

6.4

10.3

N6°W

219

4.0

6.4

N55°E

197

3.2

5.1

N40°E

220

2.8

4.5

N40°W

198

2.8

2.5

N40°E

221

2.2

3.5

N51°W

199

3.2

5.1

N41°E

222

1.2

1.9

N - S
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Length
Miles
Kilometers

Trend

Number

Length
Miles
Kilometers

Trend

223

4 oO

6.4

N73°E

246

22.0

35.4

N20°W

224

1.8

2.9

N61°E

247

3.2

5.1

N64°W

225

6.4

10.3

N13°W

248

12.0

19.3

N61°E

226

6.4

10.3

N56°E

249

1.2

1.9

N72°E

227

6.8

10.9

N36°E

250

6.0

9.7

N4°E

. 228

4.0

6.4

N13°W

251

13.2

21.2

N5°E

229

7.2

11.6

N51°E

252

7.2

11.6

N15°W

230

8.4

13.5

N38°E

253

2.0

3.2

N37°W

231

4.0

6.4

N5°W

254

6.8

10.9

N33°W

232

8.8

14.2

N24°E

255

2.4

3.9

N49°W

233

4.0

6.4

N30°W

256

7.2

11.6

N74°E

234

3.6

5.8

N10°E

257

12.0

19.3

N86°E

235

2.8

4.5

N52°W

258

5.6

9.0

N50°E

236

1.2

1.9

N54°E

259

6.4

10.3

E - W

237

7.2

11.6

N62°E

260

24.0

38.6

N40°E

23 8

4.4

7.1

N65°E

261

3.6

5.8

N38°E

239

8.8

14.2

N17°E

262

9.2

14.8

N19°W

240

2.8

4.5

N43°E

263

2.8

4.5

N74°E

241

7.2

11.6

N68°E

264

17.2

27.7

N4°W

242

10.8

17.4

N78°E

265

5.2

8.4

N75°W

243

1.8

2.9

N64°E

266

6.8

10.9

N83°W

244

7.6

12.2

N75°E

267

2.0

3.2

N - S

245

7.2

11.6

N$8°E

268

2.4

3.9

N82°E
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APPENDIX A Continued.
Number

Length
Miles
Kilometers

Trend

Number

Length
Miles
Kilometers

Trend

292

6.4

10.3

N50°E

3.2

N28°W

293

2.4

3.9

N50°E

7.6

12.2

N72°E

294

2.4

3.9

E - W

272

4.8

7.7

N72°E

295

7.6

12.2

N5°W

273

2,2

3.5

N56°E

296

6.0

9.7

N4°W

274

9.2

14.8

N50°W

297

4.8

7.7

N70°E

275

5.2

8.4

N30°W

298

3.2

5.1

N38°W

276

23.2

37.3

E - W

299

2.4

3.9

N59°E

277

16.4

26.4

N15°W

300

2.8

4.5

N54°E

278

28.0

45.0

N4°W

301

4.8

7.7

N42°E

279

22.4

36.0

N60°W

302

5.2

8.4

N51°E

280

2.8

4.5

N19°W

303

4.4

7.1

N24°E

281

9.6

15.4

N64°E

304

8.8

14.2

N46°W

282

3.6

5.8

N9°E

305

2.4

3.9

N27°W

283

9.6

15.4

N9°E

306

2.8

4.5

N9°E

284

4.4

7.1

N55°E

307

2.4

3.9

N - S

285

7.2

11.6

N34°E

308

3.6

5.8

N58°E

286

34.4

55.3

N6l°E

309

2.0

3.2

N53°E

287

2.0

3.2

N50°E

310

5.6

9.0

N57°W

288

5.2

8.4

E - W

311

2.0

3.2

N62°E

289

4.8

7.7

N - S

312

2.2

3.5

N71°E

290

2.0

3.2

N51°E

313

5.2

8.4

N55°E

291

1.2

1.9

N51°E

314

3.6

CO
•

N57°E

7.2

11.6

270

2.0

271

tr\

N4°E

269
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APPENDIX A Continued.

Length
Miles
Kilometers

Trend

315

2.4

3.9

N76°E

316

5.6

9.0

N28°W

317

3.6

5.8

N5°W

318

3.6

5.8

N3°E

319

10.0

16.1

N26°W

320

2.4

3.9

N45°W

321

8.4

13.5

322

3.6

5.8

N30°W

323

3.2

5.1

N40°E

324

2.0

3.2

N30°W

325

11.2

18.0

N26°W

326

8.8

14.2

N37°W

N8°E
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Plates
1.

Geologic map of the Tri-State District and Surrounding areas.

2.

Major structural features in the Tri-State district and
surrounding areas.

3.

lineament map of the Tri-State district and surrounding areas.
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